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NOTE ON A POSSIBLE SOURCE OF ERROR IN THE 
BELL-DOISY METHOD FOR THE DETERMINATION 
OF PHOSPHATES IN BLOOD PLASMA* 


By W. denis and L. von MEYSENBUG. 

{Ffoyn ihe Lahoratory of Physiological Chemistry and the Department of 

Pediatrics of the School of Medicine, Tulane University , New Orleans,) 

^ (Received for publication, February 20, 1922.) 

Althougli blit little more than a year has elapsed since Bell 
and Doisy^ published a description of their method for the colori- 
metric determination of phosphates in urine and- blood this 
tcichniqiie has gained extensive use by investigators occupied 
with expiyrimental woi‘k on the chemistry of blood. 

In this laboratory an experience of 9 months, during which time 
we have had occasion to make about 400 determinations, has 
convinced us of the reliability of this procedure for the deter- 
mination of inorganic phosphates in serums. When, however, 
we attempted to apply the method to plasmas, both citrated and 
oxalated, anomalous results were obtained. It was found that 
certain specimens of plasma gave no color when treated with the 
various reagents used in this method, in other cases the color 
obtfiined was much fainter than experience had led us to expect. 

An investigation of the possible cause or causes of this phenom- 
enon has led us to liolieve that this failure of color development 
is due to the t)reseiu*(i of an excess of oxalate or citrate in tlie 
plasma,*'^ 

^ Bell, R. D., and Doisy, E. A., J. Biol Chem., 1920, xliv, 55. 

^ This source of error has probably been I’ecognized in part at least by 
other workers. Hess and Gutman (Hess, A. F., and Gutman, M. B., 
/. Am. Med. 1922, Ixxviii, 29) state that 'dt is important to use a 

mininmin (|uantity of oxalate’’ but give no reason for this advice; while 
Myers and Shevky (Myers, B. A., and Shevky, M. G., J. Lai. and Clin. 
Med., 1921, vii, 176) note that in certain specimens of rabbit plasma and in 
one specimen of human plasma no color could be obtained. 
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Phosphates in Blood Plasma 


As it is frequently necessary to determine pliospliates in plasma^ 
we have carried out a scries of observations on the effects pro- 
duced by the addition of various amounts of sodium citrate and 
potassium oxalate to human and to horse blood, the results of 
which are collected in Table I. 

TABLE T. 


The Inorganic Phosphate of Plasma Determined after the Addition to Blood 
of Various Amounts of Soditmi Citrate and Potassium Oxalate. 


Subject. 

Sodium citrate 
per t'c. blood. 

Potassium oxalate 
per cc. blood. 

Inorganic phosphate of plasma 
per loo ec. 



mrj. 

inf/. 

Horse. 

0.0 


2.6 

a 

0.5 


2.6 

u 

1.0 


2.6 

a 

2.0 


1.85 

u 

2.5 


1.25 

u 

5.0 


1.25 

u 

10.0 


Too faint to read. 

ii 

15.0 


Colorless. 

u 

25.0 


a 



0.5 

2.5 

(( 


1.5 

2.6 

a 


2.0 

1.85 

(t 


5.0 

1.25 

S( 


10.0 

Too faint to read. 

u I 

1 


15.0 

Colorless. 

a 


25.0 

a 

Man. 

1.0 


2.5 

C( 

1.5 


2.2 

ii 

. 3.0 


2.0 

€{ 


0.5 

2.5 

ii 


1.0 

2.5 

it 


3.0 

2.0 


From the results presented in Table I, it is evident that in 
order to obtain correct results in the deteiinination of jnoi*ganic 
phosphate in plasma by the Bell and Doisy method it is necicssary 
to restrict the amount of anticoagulant added to such an extent as 
greatly to impair its efficiency. Potassium oxalate added to 
blood in the concentration of 10 mg. and sodium citrate in the 
concentration of 15 mg. per 10 cc. of blood, will retard coagula- 
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tion for but a limited time. Furthermore it is not always possible 
either with animals or with human subjects invariably to secure 
the quantity of blood planned for, a fact which makes it difficult 
to decide in advance the exact amount of anticoagulant to be added 
to the receiving vessel. Myers and Shevky® have recommended 
the use of amounts of molybdic acid and hydroquinone in excess 
of those specified by Bell and Doisy, as by means of this modifica- 
tion they were able to produce color in some of the trichloroacetic 
acid filtrates, which, when treated according to the original method 
gave no coloration. We have repeated the experiments of Myers 
and Shevky on this point and are able to corroborate the recom- 
mendation of these investigators regarding the desirability of 
using additional quantities of molybdic acid reagent and hydro- 
quinone. 

For work with horse or human (adult) plasma we have used 10 
cc. of trichloroacetic acid filtrate (dilution 1 : 10), 2 cc. of molybdate 
reagent, and 2 cc. of hydroquinone solution of double strength 
(40 gm. per 1,00.0 cc.). With horse plasma, either citrated or 
oxalated, we have been able by this procedure to obtain figures 
identical with those given for serum with plasmas containing as 
high as 20 mg. of sodium citrate or 25 mg. of potassium oxalate 
per 10 cc. of blood. The presence of amounts of anticoagulant 
greater than this invariably gave values for inorganic phosphate 
lower than those obtained on the serum of the same animal. 

From these results it would seem desirable whenever possible to 
make determinations of inorganic phosphates only on serum, and 
where plasma must be used to restrict the amount of oxalate or 
citrate, and increase the quantities of molybdic acid and hydro- 
quinone as described above. 

® Myers, B. A,, and Shevky, M. C., J. Lab, and Clin. Med.j 1921, vii, 176. 




CHEMICAL CHANGES OF THE BLOOD UNDER THE 
INFLUENCE OF DRUGS, 

I. ETHER. 

By harry V. ATKINSON and HAROLD N. ETS. 

(Prom the Laboratory of Pharmacology and Therapeutics, College of Medicine, 
University of Illinois, Chicago.) 

(Received for publication, February 23, 1922.) 

INTBODUCTION. 

Ether glycosuria was shown by Seelig (1) to be associated with 
hyperglycemia. The mechanism of ether hyperglycemia has 
been studied by Keeton and Ross (2) who found about 100 per 
cent increase of blood sugar in normal dogs after they had been 
under ether for 2 hours. McGuigan (3) and many others corrob- 
orate this increase in blood sugar under ether anesthesia. It 
has been shown by Morriss (4) that ether anesthesia results in a 
lowering of the carbon dioxide-combining power of the blood 
plasma of dogs. Ross (5) found that the amount of decrease 
of amino-acids in dogs due to ether anesthesia follows the initial 
amino-acid content of the blood. He obtained no decrease when 
the amino-acid content of the blood was at the normal level, 
but when the amino-acid content was doubled by meat feeding 
he obtained a decrease of 9.2 per cent from this level, Bloor 
(6) found that ether anesthesia produced, in fasting dogs, a definite 
rise in the blood fat. In most cases investigation has been made 
of the change of a single constituent in each animal. 

The present investigation is an attempt to correlate the changes 
in the blood constituents, under the influence of ether anesthesia. 
It would seem probable that the total changes in the more import- 
ant blood constituents, in addition to clarifying metabolic changes, 
would furnish data for a more comprehensive analysis of the 
nature of anesthesia. 
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Chemical Changes of the Blood 


Methods, 

Healthy and well noiuishecl dogs were selected and placed on a 
mixed diet for several days before and throughout the experiment. 
The diet consisted of 200 gm. of lean beef heart, 100 gm. of cracker 
crumbs, 10 gm. of lard, and 10 gm. of bone ash. The dogs were 
fed late in the afternoon. Control samples (Column A in 
Table I) were drawn from the heart the next morning just before 
placing the dog under ether for 2 hours; a second sample was 
drawn just before removing the ether (Column B) ; and in a few 
cases a third sample (Column C) was taken on the following 
morning. The samples were drawn from the heart, and were 
usually about 20 to 30 cc. in volume. This is too small a volume, 
when medium sized dogs aremsed, to cause any of the effects due 
to hemorrhage. The dogs soon became accustomed to the method 
of drawing blood, and submitted without excitement. 

The depth of the anesthesia was regulated by the corneal reflex 
just failing to be given. 

In this study determinations were made on the same sample 
of blood — of sugar, hydrogen ion concentration, carbon dioxide- 
combining capacity of the plasma, creatinine, total non-protein 
nitrogen, urea nitrogen, total lipoids, cholesterol, and lecithin. 
The blood sugar was determined by the use of the second method 
ofFolin andWu(7). 

The method and apparatus described by Clark (8) were used 
to determine the hydrogen ion concentration which we express as 
the pH, A saturated potassium chloride-calomel cell was made up 
every month and tested at frequent intervals against a buffer 
solution of potassium di-acid phosphate and sodium hydroxide, 
with a pH of 7.4. Several experiments were made in the beginning 
of the investigation on the relative value of the Clark (8) and Mc- 
Clendon and Magoon (9) electrodes. The results obtained showed 
a variation in pH of the same samples of blood of four or five hun- 
dredths, if the readings were taken within 10 or 15 minutes from 
the time of the drawing of the blood. These findings taken into 
consideration with the fact that the McClendon vessel is more 
difficult to manipulate determined our use of the Clark vessel 
in these experiments. Some work was also done on the use of 
whole blood and blood plasma. It was found that the whole 
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blood and the plasma — obtained by centrifuging the oxalated 
blood in a closed tube — gave results which did not differ more 
than 0.05. We therefore used the plasma because with it the 
hydrogen electrode vessels could better be kept clean. 

The carbon dioxide-combining capacity of the blood plasma 
was determined by the method of Van Sl^dce (10); the creatinine 
by the method of Folin and Wu (11); the urea nitrogen by the 
method of Van Slyke and Cullen (12); total lipoids (13), choles- 
terol (14), and lecithin (15), according to Bloor with a slight modi- 
fication, It was found both more convenient and more accurate 
to saponify both the standard oleic acid and the sample of blood 
lipoids in a Florence flask, dissolve in 5 cc. of ether-alcohol mix- 
ture, and add the water to this solution, thus avoiding any trans- 
fer of the solution with a possible loss and also securing the same 
color in both due to a slight darkening of the sodium ethylate. 
The non-protein nitrogen was determined by the method of 
Folin and Wu (11). A Kober nephelometer-colorimeter was 
used throughout. 


EXPERIMENTAL DATA. 

Table I gives the analytical results obtained. 

In Table I, it is shown that on an average the carbon dioxide 
capacity of the blood plasma decreased from 45.7 volumes per 
cent to 28.8, or a change of 16.9 volumes per cent which is a rela- 
tive decrease of 36.9 per cent in 2 hours under ether. The car- 
bon dioxide had returned to normal the next morning. 

The normal blood sugar was found to be 0.103 per cent and to 
be increased to 0.20 per cent after 2 hours under ether or a rela- 
tive increase of 94 per cent. It was still 22.3 per cent above 
normal the next morning. 

The non-protein nitrogen was at first increased slightly and then* 
decreased. However, there are too few analyses to make a satis- 
factory average. 

The urea at first increased and this higher level was maintained 
for at least 24 hours. 

The creatinine was about 1.5 mg. per 100 cc. before putting the 
dogs under ether and this was increased 16.2 per cent in 2 hours, 
but had returned to normal the next morning. 
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Chemical Changes of the Blood 


TABLE l-Efect of Ether Anesthesia on the 



d 

1 




CO2 



Sugar. 


Non-protciu nitro- 
gen per 100 cc. 

Urea per 100 cc. 

No. 

1 

Date. 














a 

« 

fA 



A. 

B 

C 

A 

B 

C 

A 

* B 

C 

A 

B 

C 



1921 

vol. 

per 

ce7it 

vol. 

per cent 

vol. 

per cent 

per 

cent 

per cent 

per cent 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

I 

1 

Sept, 

6 

48 

22 


0.105 

0,167 


31.2 

42.0 





I 

4 

u 

13 

38 

29 


0.087 

0.284 


21.0 

23.0 





n 

2 

({ 

7 

47 

31 


0.108 

0.296 








n 

5 

i( 

14 

47 

31 


0.097 

0.324 








n 

6 

it 

26 

48 

33 


0.120 

0.278 








II 

9 

Oct. 

4 

52 

35 

46 

0.122 

0.226 

0.141 

34.4 



19.6 



II 

19 

Nov. 

1, 

47 

29 


0.092 

0.174 


34.4 

23.8 



17.6 


III 

3 

Sept. 

9 

28 

18 


0.095j 

0.188 


36.4 

37.1 





IV 

8 

a 

30 

47 

28 

47 

0.095 

0.308 

0.153 

38.5 

42.5 





IV 

lo; 

Oct. 

5 

48 

28 


0.102 

0.240 

0.143 







VI 

7: 

Sept. 

27 

47 

26 


o.ios! 

0.148 








VIII 

13: 

Oct. 

19 

47 

: 27 

i 47 

O.O82I 

0.095 

0.079 

26.6 

26-6 

25.2 

19.6 

14.9 

22.4 

vin 

14! 

(( 

21 

47 

! 34 

60 

0.081 

0.115 

0.100 

' 22.4 

25.2 





vin 

15: 

a 

25 

' 54 

27 

' 46 

0.093 

0.121 

0.093 

21.0 

33.6 

19.6 




VIII 

16 

ft 

29 

46 

i 26 

45 

0.098 

0.174 

0.118 

24.6 

22.4 

' 21.0 

13.9 

18.6 

18,9 

VIII 

20 

Nov. 

7 

! 45 

1 36 

1 42 

0.118 

0.133 

0.102 

21.0 

26.6 

25.3 

18.9 

25.1 

17.7 

VIII 

21 


8 

42 

30 


0.102 

0.131 


25.3 

32.2 


17.7 

20.7 


Averages 

45.7 

28.8 

46.1 

0.103 

0.200 

0.126 

28.0 

29.5 

22.7 

17.9 

19.4 

19.6 

Change, 

per cent . . 


-36.9 

+0.87' 


+94.0 

+22.3 


+5.0 

|-18.9 


+8.15 

+9.44 


Column A contains the readings taken for a normal dog; Column B, normal dog, 2 hours after 


The normal total fat was 0.73 per cent and this showed a drop 
of 11.7 per cent and then an after rise in 24 hours of 26.7 per cent 
above normal. 

, The normal cholesterol of 0.16 per cent showed very little 
change, either during the narcosis or after the removal of the 
ether. The lecithins also changed very little. 

The normal pH was found to be 7.38 and this was lowered 4.4 
per cent to 7.06 in 2 hours under the influence of ether. It re- 
turned to norihal in the next 24 hours. 

DISCUSSION AND SUMMARY. 

A full discussion of these results will be postponed until the 
completion of the investigation of other drugs how under way 
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Blood Co7istituents of the Dog. 


Creatinine per 100 cc. 


Fat. 



Cholesterol 


Lecithin. 


pH 









per 100 cc. 







A 

B 

G 

A 

B 

c 

A 

B 

C 

A 

B 

C 

A 

B 

C 

mg. 

mg. 

mg. 

per 

cent 

per cent 

per cent 

mg. 

mg. 

mo> 

per 

cent 

per cent 

per cent 







0.714 

0.667 


0.186 









L80 

1.68 


0.769 

0,682 











1.71 

2.36 


0.895 

0.741 











1.15 

1.25 


0.750 

0.706 











1.87 

2.64 


0.500 

0.550 











1.38 



0.75 

0.83 

0.69 

0.153 



0.50 



7.50 

7.01 


1.41 

1.55 


0.71 

0.69 


0.156 



0.51 

0.49 


7.41 

7.01 














7.50 

7.11 

7.45 




0.80 

0.71 

1.84 

0.303 









1.41 

1.70 



0.75 











1.85 

2.60 

1.88 

0.79 

0.74 

0.79 

0.088 

0.188 

0.156 

0.45 



7.35 

7.05 

7.36 

1.11 

1.20 


0.78 

0.73 

0.93 

0.119 

0.141 

0.166 

0.50 

0.60 

0.45 

7.35 

7.10 


1.46 

1.33 


0.75 

0.76 

0.77 

0.165 



0.62 

0.43 


7.25 

7.02 

7.30 

1.59 

1,22 

1.41 

0.72 

0.76 

0.71 

0.111 

0.147 

0.147 

0.44 

0.35 


7.35 

7.05 

7.38 

fl.41 

1.34 

1.02 

0.71 

0.75 

0.72 

0.147 

0.156 

0.148 




7.38 

7.01 

7.27 

1.02 

1.66 


0.72 

0.76 


0.148 

0.147 


0.25 

0.28 


7.27 

7.03 


1.47 

1.71 

1.43 

0.726 

0.641 

0.92 

0.157 

0.156 

0.152 

0.47 

0.43 

0.45 

7.38 

7.06 

7.36 


+16.2 

-2.7 


-11.7 

+26,7 


-0.5 

-3.1 


-8.3 

-4.2 


-4.4 

-0.3 


starting ether; and Column C, normal dog, 24 hours after Column A, 


in this laboratory, in order that a better perspective may be 
had. Mere statements of fact, without attempt at explanation 
at this time would seem advisable. The results agree in general 
with the composite findings of the various individual analyses. 
Judging from the results of this investigation alone we might 
conclude* 

1. The blood sugar content during ether, also the hydrogen 
ion value, is raised and the carbon dioxide capacity of the blood 
plasma decreased (confirmatory of Morriss (4) and of Carter (16) ) . 

2, The cause of the rise in the sugar may be related to; {a) 
The increase in the hydrogen ion which corresponds to a decrease 
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in the pH; and (6) the decrease in the carbon dioxide capacity of 
the blood plasma. 

3, The fat decreased during the ether narcosis and then showed 
an after rise above normal. 

4. The cholesterol and lecithin change very little. 
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STUDIES IN CREATINE AND CREATININE METABOLISM, 

IV» ON THE QUESTION OF THE OCCURRENCE OF CREATININE 
AND CREATINE IN BLOOD. 

By JEANETTE ALLEN BEHRE ani> STANLEY R. BENEDICT. 

{From the IF. A. Clark Special Research Fund and the Department of 
Chemistry, Cornell University Medical College, New York City.) 

(Received for publication, February 14,1922.) 

The very rapid advances in analytical technique applied to 
biological tissues and fluids made during the past 10 years have 
resulted in a rather anomolous situation. We are constantly 
determining substances whose existence in the tissues or fluids 
analyzed has never been proved, and on the basis of a single, non- 
specific color reaction reports are made of the quantity of a sub- 
stance in a given tissue or fluid, although none of this substance 
has ever been separated as such from the material analyzed. The 
modern color reactions are very attractive playthings, but the 
facility with which they can be employed should not lead to neg- 
lect of the more fundamental work of seeking definitely to prove 
exactly what these color reactions may signify. 

It is not intended, in this connection, to decry the use of modern 
analytical technique for blood and tissues — such studies should be 
pursued as far as they seem to promise results of value from any 
angle, but we should keep in mind the necessity of continued in- 
vestigation of the tissues and fluids of the organism from the 
qualitative standpoint. 

Over a year ago one of us encountered very anomolous results 
during an investigation of the question of the probable interference 
of creatinine when using the picrate method for determination of 
blood sugar. These results, some of which are cited below, were 
so at variance with known reactions of creatinine that they ap- 
peared to demonstrate that in some bloods at any rate, creatinine 
could not be present in anything like the quantity indicated by 
the colorimetric method of Folin for determining this substance. 
We were therefore led to take up a more detailed study of this 
question, and to include a study of the creatine content of blood. 

11 



12 Creatinine and Creatine in Blood 

The question of the existence of creatinine in blood has alread}^ 
been raised by others. Hunter and Campbell (1) in 1917 reported 
a careful study of the question, based chiefly upon comparing the 
rate of color development of creatinine in alkaline picrate solution 
with color development in blood filtrates under corresponding 
conditions. Curves were constructed which showed the velocity 
of color development in this reaction, the amount of color being 
plotted against the time. With pure creatinine solutions it was 
found that the curve was typical and that solutions of different 
concentrations show proportionate color production. Various 
blood filtrates were compared with creatinine solutions, with the 
result that Hunter and Campbell concluded that Folin^s picric 
acid method can be used to determine the creatinine in the plasma 
with accuracy, but that there is an additional substance in whole 
blood (present in the corpuscles) which increases the color of the 
reaction due to creatinine by about 50 per cent, while autoclaved 
filtrates from blood and plasma contain a still greater amount of 
a substance, not creatinine, which contributes 50 to 75 per cent of 
the color usually attributed to creatinine. 

These authors did not question the presence of a certain amount 
of creatinine in the blood but they suggested that a considerable 
part of the color was probably not due to creatinine. 

Greenwald and McGuire (2) have also studied certain factors 
bearing on the question of the true creatinine and creatine content 
of the blood. These authors did not draw definite conclusions as 
to the probable occurrence of these substances in blood, but a 
reading of their paper convinces one that they held serious doubts 
as to the true nature of the creatinine” in blood. Their attempts 
to isolate creatinine from blood failed in every instance, and their 
final opinion is quite suggestive of suspicion of the whole subject. 
Thus they state: 

an investigation of normal creatine and creatinine metabolism, 
the methods are probably not satisfactory. Until it can be shown that 
the chromogenic substance is really creatinine, investigations in this field 
would seem to be of doubtful value. 

The available evidence that creatinine exists in blood may be 
briefly summarized as follows: (1) Creatinine occurs in the urine, 
hence it is probably present in the blood and (2) the rate of color 
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development in alkaline picrate solutions due to the blood com- 
ponent, closely approximates that found for pure creatinine solu- 
tions. Obviously neither of these arguments for the presence of 
creatinine in blood, in the amounts indicated by present quantita- 
tive methods is at all conclusive. Concerning the first argument 
it may be pointed out that creatinine may be produced by the 
kidney, or the kidney may be able to concentrate this substance 
from dilutions in the blood very much greater than is commonly 
assumed. The point established by Hunter and Campbell also 
fails to demonstrate the existence of creatinine in blood. An 
unknown blood constituent might duplicate the rate of color pro- 
duction, and the possible presence of catalysts affecting the reac- 
tion in blood filtrates, as suggested by Green wald (2), must be 
taken into consideration. We are therefore of the opinion that 
no results so far available offer definite evidence of the existence 
of creatinine in blood. 

Our method of studying the question has developed along 
several lines. We have applied certain reactions to both blood 
filtrates and pure creatinine solutions, and to creatinine added to 
blood, and compared the relative behavior of true creatinine and 
of the blood creatinine, both before and after conversion of pos- 
sible creatine into creatinine. We have also made studies based 
upon the use of adsorptive reagents which will remove true crea- 
tinine from pure solution or from blood filtrates. 

In most of the creatinine determinations we have employed the 
original picric acid method of Folin (3), in which the blood is 
diluted to five times its volume with saturated picric acid, and the 
total solution saturated with picric acid. For carrying out this 
saturation with dry picric acid we have placed the mixtures in a 
shaking machine for from 5 to 10 minutes. 

Our studies in connection with this method have shown that not 
more than 4 or 5 mg. of creatinine added to 100 cc. of blood can be 
recovered quantitatively by this technique. Doubling the volume 
of dilution permits the satisfactory recovery of the larger quantities 
of creatinine. We have also employed precipitation by means of 
heat coagulation, trichloroacetic acid, and tungstic acid (Folin and 
Wu, 4), followed by saturation of the filtrate (after exact neutrali- 
zation in the case of the trichloroacetic acid precipitation) with 
picric acid. All of the picric acid employed has at least fulfilled 
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the requirements of purity indicated by Folin and Doisy (5) as 
necessary for creatinine determina'f'Ion in blood. 

Results by the various methods of precipitation indicated that 
for normal bloods the various precipitants yield parallel figures, 
while for bloods high in color-reacting substance the Folin-Wu 
precipitation with tungstic acid usually yields much higher figures 
than does the picric acid precipitation. Heat coagulation filtrates 
show still higher figures (Table VI). 

As mentioned earlier in this paper, our attention w^as first 
directed to the question of the occurrence of creatinine in blood 
by the results obtained by one of us in a study of the possible 
interference by creatinine in the picrate method for blood sugar 
determination. It ■was found that creatinine added to blood 
caused an increase in the apparent blood sugar equivalent, in terms 
of glucose, to about three times the quantity of creatinine added, 
provided that this w^as more than about 3 mg. It was also found 
that purified bone-black, when used in quantities of about 1.5 gm. 
for the 25 cc. of blood picrate mixture, after a few minutes shaking 
would remove up to 25 mg, of creatinine per 100 cc. of blood. 
When the bone-black procedure was applied to bloods containing 
high non-protein nitrogen it w^as found that while such bloods very 
commonly showed a marked drop in sugar content after treatment 
with bone-black, in many instances this drop bore no relationship 
to the creatinine content of the blood. Furthermore, some bloods 
which gave a high creatinine content by the regular method, 
showed no drop whatever in the sugar content when treated with 
bone-black.^ A few typical figures in this connection are given 
in Table I, 

An inspection of Table I shows that there is little relationship 
between the fall in the sugar content of the blood after treatment 
with bone-black and the creatinine content of the blood. The 
results obtained with Samples 7, 12, and 13 render it very im- 
probable, or indeed Impossible, that creatinine should have been 

^ It may be noted here that most bloods showing a high non-protein 
nitrogen content show a marked drop in sugar content as determined by the 
Folin-Wu method after treatment with bone-black, and a still greater 
drop with Lloyd^s reagent. The Folin-Wu procedure cannot be influenced 
by creatinine, or any other known constituent of the blood except glucose. 
It is hoped that this work in connection with blood sugar determination 
can be reported upon in the near future. 
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present in these samples in the quantities indicated by the rec- 
ognized method for the determination of this substance. Thus 
Sample 12; with a creatinine content of 8 mg. per 100 cc. which 
should be equivalent to about 24 mg. of glucose in the picrate 
method, shows no appreciable drop after treatment with bone- 
black, which removes pure creatinine. 

TABLE I. 


The Effect of Bone-Blach Treatment on Blood Sugar Determinations in 
.Relation to Blood Creatinine, 


Sample No. 

Sugar without 
treatment 
with bone-black 
per 100 cc. of 
blood. 

Sugar after 
treatment 
with bone-black 
per 100 cc. of 
blood. 

Difference per 
100 cc. of blood. 

Creatinine per 
100 cc. of blood. 


mg. 

mg. 

mg. 

mg. 

1 

96 

88 1 

8 

1.2 

2 

112 

93 1 

19 

1.2 

3 

150 

132 

18 

2.0 

4 

280 j 

220 

60 

6.0 

5 

186 j 

179 

7 

4.2 

6 

125 ' 

no 

15 

3.1 

7 

116 

112 

4 

5.0 

8* 

119 

101 

18 

1.6 

9 

124 

111 

13 

1.7 

10 

137 

122 

15 

1.4 

11 

108 

81 

27 

1.0 

12 

107 

104 

3 

8.3 

13 

142 

142 

0 

4.6 

14 

117 

118 ■ 

1 i 

1.4 

15 

120 

104 

16 : 

1.4 


* Figures on Samples 8 to 15 were obtained by Dr. Gertrude F. McCann 
in the laboratory of Dr. Frederick M. Allen. We are indebted to Dr. 
McCann and Dr. Allen for permission to use this material. 


Obviously such results as are reported in Table I cannot do 
more than show that any particular sample of blood does not con- 
tain the creatinine ascribed to it by another and more direct 
method of determination. Nevertheless, such results do throw 
doubt upon the validity of the general assumption that the picric 
acid reaction, as applied for creatinine, really determines that 
compound in blood. 
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Hence we were led to study the question further. A peculiarity 
of picric acid filtrates from blood which we have repeatedly 
noticed^ and which has probably impressed others, is that such 
filtrates are very frequently definitely darker in color than pure 
picric acid solutionSj without addition of any alkali. Thus a 
colorimetric reading often showed such filtrates to have twice as 
much color as a saturated aqueous solution of picric acid. This 
observation indicated a tendency on the part of some blood con- 
stituent to reduce picric acid in acid solution. Thus we were led 
to try the effect on color development in pier ate solution when 
sodium carbonate is used as the alkali instead of sodium hydroxide, 
and to compare the results thus obtained with those yielded by 
pure creatinine under similar conditions. As an arbitrary stand- 
ard for color comparison in this connection we employed a pure 
saturated picric acid solution, adding 0.5 cc. of 20 per cent sodium 
carbonate to each 10 cc. of solution, and making the readings 
after 10 minutes. When sodium carbonate is added to picric 
acid the depth of color in the solution increases slightly. If 
creatinine is present, in such quantities as we assume in blood fil- 
trates, this increase in color is slightly greater, but is scarcely more 
than detectable, and is not definitely proportional to the creatinine 
present. In fact, increasing the creatinine five times yields a 
scarcely detectable increase in color when carbonate is used as the 
alkali. When carbonate is added to the picric acid filtrate from 
blood, there is a marked increase in color, and this color is far 
greater than could possibly be due to the creatinine content of the 
blood, as indicated by the regular determination. In other words, 
there is in blood a substance other than creatinine which reduces 
picric acid in the presence of sodium carbonate. It is fair to assume 
that this substance contributes to the reaction when hydroxide 
is employed as the alkali. Whether the reaction obtained with 
hydroxide is wholly due to the same substance which reacts 
(incompletely?) with carbonate cannot be answered. The in- 
crease of color in the blood filtrates with carbonate is usually 
particularly great in bloods which showed an abnormally high 
creatinine’^ content, but in many other cases the increase due to 
carbonate is not proportional to that obtained with hydroxide. 
This may be due, as it is in the case of creatinine, to the fact that 
the reaction given by the blood compound is very incomplete 
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in presence of carbonate. We are inclined to believe that this 
explanation is correct, and that the ^‘creatinine’’ in blood differs 
(among other particulars) from creatinine in that it reacts more 
strongly with picric acid in presence of carbonate. The evidence 
in this connection is, we admit, inconclusive beyond showing that 
results with hydroxide cannot be assumed to represent the true 
creatinine content of the blood. 

More definite evidence that the “creatinine” of blood is not 
creatinine is furnished by experiments based upon the fact that 
creatinine is destroyed by heating in alkaline solution. We have 
found that if solutions containing up to 4.5 mg. actual concentra- 
tion of creatinine per 100 cc. (corresponding to 22.5 mg. of crea- 
tinine per 100 cc. of blood where a 1 to 5 dilution has been em- 
ployed) to which have been added 2 per cent of sodium hydroxide, 
are heated for 1 hour, the creatinine has been completely'destroyed 
so far as its power of yielding color in alkaline picrate solution is 
concerned. When filtrates from normal blood precipitated by 
tungstic acid according to Folin and Wu (4) are heated with alkali 
under similar conditions, the blood “ creatinine” remains practi- 
cally unchanged. When similar filtrates from blood to which 
creatinine has been added were treated in a similar way, the added 
creatinine was lost, while the blood creatinine was unchanged. 
We will cite two examples in this connection. The tungstic acid 
filtrate from a sample of beef blood showed a “ creatinine” content 
for the original blood of 1.94 mg. per 100 cc. 20 cc. of this filtrate 
were treated with 5 cc. of 10 per cent sodium hydroxide, and the 
tube was heated in the water bath for 1 hour. The solution was 
then neutralisjed exactly with hydrochloric acid, saturated with 
picric acid, and the creatinine determined as usual. The color 
obtained corresponded to 1.82 mg. of creatinine per 100 cc. of 
blood, against the 1.94 mg. found without the treatment with 
alkali. 

When 2 mg. of creatinine per 100 cc. were added to this same 
blood (and recovered quantitatively in the filtrate), the reading 
after heating with the alkali showed 2.0 mg. per 100 cc. against 
1.9 mg. in the original blood, and 4.0 mg. in the blood with the 
added creatinine. In another blood sample the filtrate showed 
1.96 mg. of creatinine before heating with alkali and 2.1 after such 
heating. Addition of creatinine to this same blood so that the 
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filtrate showed a total of 8.60 mg. was then made. After heating 
with alkali the ^'creatinine” content had fallen to 2.50 mg.; 
against 1.96 mg. in the original blood. In other wordS; more than 
6 mg. of added creatinine per 100 cc. of blood were destroyed, 
while the original blood "creatinine” was practically unaffected. 

Additional experiments with alkali gave similar results, but they 
also led to the discovery that glucose heated under similar condi- 
tions with alkali may give rise to products which simulate crea- 
tinine in the picric acid reaction. If the glucose concentration in 
the original blood be not greater than 0.2 per cent there is no inter- 
ference due to the split-products, but with liigher glucose concen- 
trations the split-products may replace part of the creatinine lost 
through the action of the alkali. The results cited above were 
obtained with bloods of low sugar concentration, and thus furnish 
quite direct evidence that blood "creatinine” is not creatinine. 
Our finding that high concentrations of glucose would interfere 
with the alkali study of the creatinine question on many bloods, 
led us to abandon this line of work until we had looked further 
for a method of attack less open to possible objection. The ques- 
tion of the occurrence of creatinine in blood is of such importance 
that definite conclusions with regard to it should not be based upon 
a line of study open to possible objection along any line. 

Our next study was concerned with the question of the removal 
of creatinine, and of the creatinine-reacting substance, from solu- 
tions by means of kaolin. 

Greenwald and McGuire (2) have reported that kaolin removes 
creatinine quantitatively from dilute solutions, and based a method 
for determination of creatinine and creatine in blood upon this 
fact. In their study Greenwald and McGuire employed blood 
filtrates obtained by heat coagulation of the blood proteins in 
presence of dilute acetic acid, and assumed, upon the basis of their 
results with pure creatinine, that the creatinine-reacting substance 
in blood was also removed by treatment with kaolin. They ap- 
parently failed to make creatinine determinations directly upon 
filtrates after treatment with kaolin. Had they not neglected 
this point, Greenwald and McGuire could hardly have escaped 
the conclusion that there is no creatinine in blood. 

Using the heat coagulation filtrate under the conditions pre- 
scribed by Greenwald and McGuire, we have found that tru© 
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creatinine is removed from pure solution or from blood filtrates 
quantitatively up to amounts corresponding to about 4 mg. of 
creatinine per 100 cc. of original blood. • With higher amounts of 
creatinine the removal by kaolin is not quantitative. Employing 
the heat coagulation filtrates, the removal of the creatinine- 
reacting substance of the blood by kaolin is irregular and uncer- 
tain, even when only small quantities of the substance are present. 
In Table II are cited typical results in this connection upon one 
species of blood (beef). 


TABLE II. 


Showing Results of Kaolin Extraction of Filtrate Obtained by Heat 
Coagulation of Beef Bloody with and without Addition of Creatinine. 


i 

Blood without added creatinine.* 

Blood with added creatinine. 

o 

Before 

After 

Amount 

Before 

After 

Amount 

Total 

a 

extraction 

extraction 

removed 

extraction 

extraction 

. of 

amount re- 

S 

with 

with ■ 

by 

with 

with 

added 

moved 

oS 

W 

kaolin. 

kaolin. 

kaolin 

kaolin. 

kaolin. 

creatinine. 

by kaolin. 


mg. 

mg. 

mg. 

mg. 

mg. 

mg^ 

mg. 

1 

2.32 

1.50 

0.82 

3.24 

2.18 

0.92 

1.06 

2 

2.32 

1.50 

0.82 

4.75 i 

1.72 

2.43 

3.03 

3 

2.14 

1.05 

1.07 

5.04 

2.16 

2.90 

2.88 

4 

2.32 

1.50 

0.82 

6.12 

3,36 

3.80 

2.76 

5 

2.37 

1.05 

1.32 

6.10 

1.94 

3.75 

4.16 

6 

3.06 

i 2.14 

0.92 

8.05 

2.40 

5,00 

5.65 

7 

3.51 

! 1.83 

1.68 

' 8.61 

3.52 

5.10 

5.09 

8 

3.21 

1.87 

' 1.34 

: 8.61 

4.02 

5,40 

4.59 


* All figures are in terms of milligrams of creatinine per 100 cc. of blood. 


It will be noted that the quantity of the blood ^‘creatinine” 
extracted by the kaolin would average from about 30 to 50 per 
cent. The same results hold true for the blood of other species. 
These results may perhaps explain the very irregular creatinine 
values reported by Greenwald and McGuire, using their method, 
as compared with figures obtained for the same samples by the 
Folin method. 

As a result of our work with kaolin upon the heat coagulation 
filtrates we soon gained the impression that the amount of the 
blood chromogenic substance removed by the kaolin from these 
filtrates depended upon variable factors, which could not be well 
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controlled. Hence we set out to find conditions yielding more 
constant results in connection with the use of kaolin. 

Experiments showed that in solutions completely freed from 
protein, kaolin,^ used in a quantity of 2 gm. for 25 cc. of solution 
will remove creatinine quantitatively from solutions containing 
up to about 0.7 mg. per 100 cc. actual concentration, which cor- 
responds to 3.5 mg. of creatinine per 100 cc. of blood. The mix- 
ture wdth kaolin was shaken in a shaking machine foY about 10 
minutes. The solutions we employed vrere acid with picric, tri- 
chloroacetic, or hydrochloric acids. Such conditions are safest for 
extraction of creatinine. Pure creatinine is removed by kaolin 
from neutral solution, but the presence of even the minutest 
amount of alkali prevents this. Even calcium carbonate will 
interfere with removal of creatinine from a solution by means of 
kaolin. 

Employing kaolin as above indicated upon blood filtrates ob- 
tained after a 1 to 5 dilution and saturation with picric acid as in 
the Folin m'ethod for creatinine determination, our results appear 
to show conclusively that normal beef, dog, or human bloods con- 
tain no creatinine within the limit of accuracy of the method as we 
employed it. Creatinine in pure picric acid solution, or added to 
blood, is practically quantitatively removed up to about 3.5 mg. 
per 100 cc. of blood, while the creatinine chromogenic substance 
in the blood is unaffected. A hundred or more analyses have 
been carried out along this line. In no instance has there been 
an appreciable amount of the chromogenic substance of normal 
blood removed by kaolin, nor have we ever failed to remove 
added creatinine satisfactorily by the use of kaolin. Typical 
results in connection with this study are given in Table III. 

In connection with the results reported in Table III it should be 
remembered that creatinine in pure saturated picric acid in con- 
centrations equal to those reported for the bloods, is removed so 
completely by the kaolin treatment that such filtrates show only 

^ We have employed several different samples of kaolin with identical 
results. Eimer and Amend^s ‘‘Kaolin, Acid Washed^’ was the one we used 
chiefly. We have also used Eimerand Amend’ s “Kaolin’’ which we our- 
selves washed with hydrochloric acid. Dr. Greenwald kindly sent us a 
sample of the kaolin employed by him. This preparatioh gave similar 
results to the other products we used. 
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TABLE III. 


Showing Removal hy Kaolin from Picric Acid Filtrates of Creatinine Added to 
Blood, and That the Chromogenic Substance Is Unaffected by 
Treatment with Kaolin. 


Source of blood. 

Blood without added 
creatinine.* 

Blood with added creatinine. 

Before 

extraction 

with 

kaolin. 

After 

extraction 

with 

kaolin. 

Before 

extraction 

with 

kaolin. 

After 

extraction 

with 

kaolin. 

Amount 

of 

creatinine 

added. 

Amount 

removed 

by 

kaolin. 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Beef. 

1.86 

1.80 

2.91 

2.01 

1.05 

0.90 

u 

1.50 

1.36 

2.40 

1.45 

0.90 

0.95 

a 

1.29 

1.33 

2.24 

1.29 

0.95 

0.95 

Dog. 

1.27 

1.18 

1.92 

1.33 

0.65 

0.59 

Beef. 

1.29 

1.33 

3.45 

1.50 

2.16 

1.95 

a 

1.86 

1.80 

4.45 

2.26 

2.59 

2.19 

u 

1.29 

1.33 

4.05 

1.56 

2.76 

2.49 

a 

1.90 

1.96 

5.04 

2.16 

3.14 

2.88 

u 

1.50 

1.35 

4.70 

1.78 

3.20 

2.92 

t{ 

1.86 

1.80 

5.25 

2.00 i 

3.39 1 

3.25 

Dog. 

1.27 

1.18 

4.85 

1.47 

3.58 

3.38 

Beef 

2.40 

2.18 

6.40 

2.37 

4.00 

4.03 


1.29 

1.33 

5.30 

1.86 

4.01 

3.44 

Human. 

1.84 

1.71 

4.55 

2.00 

2.71 

2.55 

ti 

3.36 

3.60 

6.06 

3.90 

2.70 

2.16 

it 

; 3.60 

3.27 

5.76 

3.81 

2.16 

1.95 

a 

1.57 

1.26 





it 

1.00 

: 1.15 





it 

1.23 

1.02 





a 

1.96 

2.12 





a 

1.09 

1.25 





it 

1.44 

1.18 





Beef. 

2.28 

2.28 





it 

2.15 

2.35 





it 

2,34 

2.22 





Dog. 

1.21 

1.23 





it 

1.27 

1.18 





U 

l.SS 

1.82 






All figures are in terms of milligrams of creatinine per 100 cc. of blood. 


about 0.35 mg. of creatinine, which is the amount usually obtained 
with a blank against a ^^0.5 mg. standard^^ creatinine solution. 

■ The figures reported in Table III are, as stated above, typical 
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of the results obtained in more than a hundred analyses. Plasma 
yielded results similar to those obtained from whole blood. We 
have included experiments showing maximal removal of the blood 
creatinine/^ as well as those in which removal of added creatinine 
was least satisfactory. It appears that the results reported in 
Table III furnish convincing evidence that the bloods studied do 
not contain creatinine, or at least do not contain this substance in 
excess of a few hundredths of a milligram per 100 cc. Exceptions 
to this statement might be taken, based upon occasional results 
where kaolin treatment lowers the creatinine value of the blood 
by a few tenths of a milligram per 100 cc. But conversely it may 
be noted that instances also occur where the chromogenic value of 
the blood is increased by a few tenths of a milligram after treatment 
with kaolin. The method of study employed has its limits of 
accuracy. The probable error for a large number of analyses 
would not, we believe, exceed about 0.05 mg. of creatinine per 100 
cc. Our results as a whole indicate that the true creatinine con- 
tent of blood cannot exceed this figure, and we feel that it must 
probably be well below it. 

Having demonstrated the absence of creatinine in detectable 
amounts from normal blood, it was considered important to de- 
termine whether creatinine accumulates in the blood in conditions 
of renal insufficiency or of complete ablation of renal function. 
Results here should indicate whether the creatinine in the urine is 
secreted by a process of concentration from undetectable traces 
which occur in blood, or whether the kidney itself produces 
creatinine. In this connection we have studied bloods obtained 
from iuman cases where the kidney function was impaired, and 
also bloods obtained from dogs 42 to 72 hours after extirpation of 
the kidneys or after ligating the ureters. 

The results in connection with the high bloods are not conclu- 
sive on the question of the existence of true creatinine in these 
bloods. Human, bloods yielding figures up to- about 4 mg. of 
creatinine per 100 cc. show no loss of the chromogenic substance 
after treatment with kaolin. Higher bloods show a loss, following 
treatment with kaolin, amounting to from 20 to 50 per cent, pro*^ 
viding the initial dilution of these bloods is great enough so that 
the actual concentration of reacting substance is about the same 
as in normal bloods. Such filtrates may also lose a considerable 
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percentage of color-yielding power (70 to 80 per cent) after heating 
with alkali, as detailed earlier in this paper. Very similar results 
were obtained with the dog bloods after ablation of the kidney 
function. 

We should be inclined to the view that true creatinine accumu- 
lates in the blood after impairment of the kidney function, were 
it not for the following considerations: 

After the demonstration that creatinine does not occur in normal 
blood in detectable amounts, more definite evidence is needed to 
prove its accumulation in abnormal blood than one or two non- 
specific reactions. Failure of removal by kaolin or of destruction 
by alkali may well demonstrate that a compound is not creatinine, 
but reverse findings do not demonstrate that a substance is crea- 
tinine. We are especially cautious in subscribing to the view that 
creatinine accumulates in the blood under the special conditions 
above cited because of the failure of an isolation experiment to 
demonstrate the presence of this compound. By the use of 
Lloyd^s reagent a technique was developed which permits isolation 
of minute amounts of creatinine from large volumes of solution. 
So far only a single isolation experiment has been carried out in 
this connection, upon blood obtained from a dog after ligation of 
the ureters. The result was wholly negative for the isolation of 
creatinine. Though the final solution showed colorimetrically a 
creatinine content of about 9 mg. in 5 cc. of solution, creatinine- 
zinc chloride failed to separate from the solution after standing 
2 days. After the addition of 5 mg. of creatinine to this same 
solution the added creatinine was recovered almost exactly as the 
zinc salt within a period of 3 hours. 

It is this result which makes us feel that more data are needed 
before any conclusion can be drawn concerning the true creatinine 
content of the ^^high creatinine” bloods. Iii the near future we 
shall report further data upon this problem together with full 
details of our isolation experiments. Studies on the muscle crea- 
tinine are also contemplated. 

After our investigation of the creatinine content of the blood we 
were led to study the behavior of the blood creatine” and to 
attempt to find out whether all or part of this represents true 
creatine. The study has been complicated by the lack of an 
adequate method for conversion of creatine into creatinine in the 
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concentration found in the blood, which can be relied upon not to 
yield decomposition or other products which seriously interfere 
with the process. 

A review of the literature on methods of creatine determination 
in blood cannot but leave one with the impression that each inves- 
tigator, using a new technique, and one seemingly accurate, is 
able to get figures quite different from those obtained by any 
previous method. 

The original method for conversion of creatine into creatinine 
in blood filtrates was proposed by Folin (3) and consisted in heat- 
ing the filtrates with picric acid. Wilson and Plass (6) and Hunter 
and Campbell (1) have raised the question of the accuracy of 
creatine determination by this procedure. Folin and Wu (4) 
subsequently recognized the fact that such a procedure led to high 
results for the “total creatinine’’ and suggested that traces of 
hydrogen sulfide were formed during such heating. Folin and Wu, 
however, did not seem to give much weight to their own sugges- 
tion, for their new method for blood creatine included autoclaving 
blood filtrates, and it is not apparent why*picric acid filtrates 
should evolve hydrogen sulfide any more easily than should any 
other blood filtrate. 

Our experiments in connection with the picric acid filtrates 
obtained from blood have shown that blood contains some sub- 
stance other than creatine, which rapidly reacts with picric acid 
in hot solution to give a product yielding color on addition of 
alkali. After heating the picric acid filtrates from normal bloods 
in the water bath for 1 hour the “creatinine” value is usually 
doubled, and after 3 hours heating the value is about trebled. In 
a case of human nephritic blood we have obtained an increase in 
color-yielding power equivalent to 6 mg. of creatinine after 15 
minutes heating of the picric acid filtrate in boiling water. The 
increases due to such heating are out of all proportion to possible 
conversion of pure creatine into creatinine under identical condi- 
tions. Similar results are not obtained if other acids (acetic, 
trichloroacetic, hydrochloric) are substituted for the picric acid. 
Hence the reaction is not a change in the blood constituent due to 
heating with dilute acid, but is a specific reaction between the 
blood compound and picric acid in hot solution. Apparently the 
compound giving rise to this reaction is not the same as that re- 
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sponsible for the creatine reaction of the blood filtrate when 
heated with acid in the absence of picric acid, for after treatment 
which will completely convert creatine into creatinine there is 
still an increase if the solutions are heated with picric acid prior to 
addition of alkali, but the increase in color is not as great as before 
treatment with acid, due probably to the conversion of the creatine. 
If filtrates from plasma instead of whole blood be heated after 
saturation with picric acid the curve of increase in color-yield 
after addition of alkali is similar to that for whole blood, but the 
actual increase is only about one-half as great (c/. also Wilson 
and Plass, 6). We have no clue as to the nature of the substance 
reacting in hot picric acid solution to yield the increased color. 
Neither glucose nor other known constituents of the blood can 
apparently be responsible for the reaction. The substance is 
partially, but not completely, removed by treatment with kaolin. 

Although blood contains this substance simulating creatine 
when heated with picric acid, it appears probable that the creatine 
figures obtained for normal, and for some pathological bloods, 
represent real creatine. For our creatine determinations we have 
adopted the procedure of precipitating the blood proteins by dilu- 
tion of the blood with 4 volumes of 5 per cent trichloroacetic acid. 
After filtration a portion of the filtrate is treated with hydrochloric 
acid (5 cc. of 1.0 isr acid to 25 cc. of filtrate) and boiled down to a 
small volume. A little granulated or powdered metallic lead is 
then added, and the solution taken to dryness and heated on the 
water bath -to expel the hydrochloric acid.^ The residue is dis- 
solved in water and treated with sodium hydroxide, drop by drop, 
until a permanent precipitate (of lead hydroxide) is produced. 
The solution is then made up to a definite volume and filtered. A 
portion of the filtrate is saturated with dry picric acid and the 
creatinine determined as usual after filtration. The 10 per cent 
sodium hydroxide employed here should contain 10 per cent of 
Rochelle salt. 

This procedure gives a satisfactory conversion of pure creatine 
and is, we believe, reasonably accurate for the creatine determina- 
tion in normal bloods. While satisfactory for some pathologica 

® This method is similar to the one recommended by one of us for the 
determination of creatine in urine (Benedict, S. B., J. Biol. Chem.y 1914, 
xviii, 191.) 
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bloodSj we are inclined to the view that in others no method of 
creatine determination so far developed can yield results which 
represent the true creatine content very closely. 

When we applied the procedures of heating with alkali and 
treatment with kaolin as described earlier in this paper, to blood 
filtrates after heating \vith acid, and compared the “total creat-' 
inine^^ before and after such procedures, we found that for normal 
bloods the color-producing substance which resulted from the 
action of acid was destroyed by alkali and removed by treatment 
with kaolin exactly as is pure creatinine. Creatine added to 
blood behaved in a similar manner. These findings hold for beef 
and for dog blood. We have not yet had sufficient normal human 
bloods to warrant conclusions concerning them, but we believe 
that creatine actually exists in such blood. 

The findings in connection with the creatine content of blood are 
of interest also in relation to the question of the nature of the 
creatinine chromogenic substance in the blood. If this latter 
substance represents a loosely combined form of creatinine, or some 
similar compound, we might expect that boiling with acid should 
convert it into true creatinine. Yet after treatment to convert 
creatine into creatinine, it is possible by means of the action of 
alkali or of kaolin, to separate practically quantitatively the creat- 
inine derived from creatine from the chromogenic substance 
originally present in the blood. Typical results in this connection 
are presented in Tables IV and V. 

The results recorded in Tables IV and V serve to show how dif- 
ferently the creatine of normal blood behaves after conversion to 
creatinine as compared with the chromogenic substance originally 
present in the blood. The remarkably sharp separations effected 
by means of alkali or of kaolin are very striking, and serve to 
further substantiate our earlier conclusion that preformed crea- 
tinine does not exist in blood. 

The view that creatine occurs in blood in very appreciable 
amoimts under certain conditions finds confirmation in an isola- 
tion experiment, in which creatine was isolated as creatinine-zinc 
chloride. In this experiment the blood obtained from a dog 46 
hours after ligation of both ureters was employed. The total non- 
protein nitrogen of this blood was 186 mg. per 100 cc., and the 
blood showed a preformed “ creatinine^^ content of 12 mg., and a 
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TABLE IV 

Showing the Removal hy Kaolin of Blood Creatine and of Creatine Added 
to Blood After Treatment for Conversion of Creatine to Creatininey 
and the Non-Re^noval of the Original Creatinine^ ^ in the 
Blood hy means of Kaolin after the Boiling with Add. 


Source of sample. 

“Preformed 

creatinine.*’* 

“Total 

creatinine.” 

Blood creatine. 

Blood Creatine 
removed by 
kaolin. 

Amount of ad- 
ded creatine 
recovered 

Amount ot ad- 
ded creatine 
removed. 

Before 

kaolin 

treat- 

ment. 

After 

kaolin 

treat- 

ment 

Before 

kaolin 

treat- 

ment. 

After 

kaolin 

treat- 

ment. 


mg. 

mff. ! 

mg. 

mg. 

mg. 

vig. 

mg. 

mg. 

Beef. 

2.67 * 

2.40 

4.35 

2.22 

1.68 

1.68-f 

2.92 

2.72 

<c 

2.75 


3.75 

2.10 

0.93 

0.93-{- 

3.55 

3.75 

Ci 

2.22 

1.96 

3.48 

2.04 

1.00 

1.00 i 



<{ 

2,22 

1,96 

3.21 i 

1.70 

1.00 

1.00 




1.21 

1.23 

3.30 

1.59 

2.09 

1.71 



a 

2.67 

2.40 

4.35 

2.22 

1.68 

1.68 



Dog 









(ureters ligated). 

6.35 

2.96 

15.30 

2.30 

8.95 

8.95 



Dog 




* 





(ureters ligated). 

4.52 

2.02 

14.30 

1.S6 

9.78 

9.78+ 




* All figures refer to milligrams per 100 cc. of blood, in terms of creatinine. 

TABLE V. 


Showing the Destruction by Alkali of the Blood Creatine and of Creatine 
Added to Bloody after Treatment for Its Conversion to Creatininey and 
( the Failure of Alkali to Destroy the Original ^‘Creatinine,” 


Source of sample. 

Blood 

before creatine 
conversion.* 

Blood creatine. 

Blood creatine 
destroyed. 

Added creatine. 

Added creatine 
destroyed. 

Before 

alkaline 

heating. 

After 

alkaline 

heating. 


mg. 

mg. 

mg. 1 

mg. 1 

mg. 

mg. 

Beef. ] 

3.15 

3.15 

2.60 

2.60 < 

3.4 

2.00 

u \ 

2.18 

2,00 

2.02 

1.40 

7.7 

5.40 


2.30 

2,30 

2.80 

2.75 

4.58 

4.36 

it 

2.26 

2.38 

3.09 

2.75 



Dog with ligated ureters. 

4.08 

0.72 

5.62 

5.41 




All figures refer to milligrams per 100 cc. of blood, in terms of 
creatinine. 
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creatine content of 16.8 mg. per 100 cc. The preformed creatinine 
chromogenic substance was practically completely removed by the 
use of Lloyd's reagent, while the creatine was unaffected. The 
filtrate was then boiled with acid and the creatinine content of a 
portion of the solution determined. The main portion was treated 
with Lloyd's reagent, which removed the chromogenic substance 
practically quantitatively. Thus two portions of Lloyd's reagent 
were obtained, one containing the preformed chromogenic sub- 
stance of the blood, the second containing the chromogenic sub- 
stance resulting from boiling with acid. Both portions of the 
Lloyd's reagent were treated in similar manner to liberate the 
chromogenic substance, and portions of the solutions thus obtained 
were analyzed colorimetrically and each was found to contain a 
chromogenic compound. The solutions were boiled down to very 
small volumes (about 5 cc.) and washed into small centrifuge tubes 
with the help of alcohol. The total volume in each tube was about 
8 cc.; a few drops of zinc chloride solution were added to each 
tube, together with a few drops of a mixture of acetic acid and 
sodium acetate. Within half an hour typical creatinine-zinc chlo- 
ride crystals began to separate from the tube containing creatinine 
derived from the creatine in the blood. After standing over night 
these crystals w'ere centrifuged, washed with alcohol, and dissolved 
in a few drops of hydrochloric acid, and the solution thus obtained 
was diluted to a definite volume and analyzed for creatinine colori- 
metrically. It was found that 10.2 mg. of creatinine had been 
recovered as the zinc salt, against a theoretical value of 13.6 mg. 
as determined in a portion of the blood filtrate after hydrolysis. 
As mentioned earlier in this paper, none of the zinc salt was ob- 
tained during 3 days from the tube containing the preformed 
chromogenic substance in the blood, though addition of a small 
amount of pure creatinine to the final solution promptly resulted 
in the separation of typical crystals of the zinc compound. Full 
details of these isolation experiments will be reported later. 

In regard to the question of the occurrence of creatine in blood 
of patients with renal insufiiciency we should state that our results 
have been so contradictory that we are led to believe that some of 
these bloods contain large quantities of one or more interfering 
substances in the creatine determination, while in others the crea- 
tine figures may be fairly exact. Some nephritic bloods show 
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removal of the creatinine derived from creatine by means of kaolin, 
while others behave very differently. In one case of bichloride 
poisoning with a very high apparent creatine we failed to effect 
practically any removal of the chromogenic substance resulting 
from the action of acid, by means of kaolin treatment. Our results 
indicate that cases may fall into definite groups in regard to the 
true creatine content and the study of the question is being 
continued. 


DISCUSSION. 

Our finding that creatinine does not exist in blood in detectable 
quantities need not, of course, raise any question as to the value of 
the determination of the chromogenic substance for clinical or 
other purposes. In connection with such determination our work 
has brought out some points which may be of interest. In the 
first place there is the question of complete saturation of the solu- 
tions with picric acid prior to the creatinine determination. This 
point has been emphasized by Greenwald and McGuire, but we 
believe that it has not received suflScient recognition. For any 
method of creatinine determination in blood, except the procedure 
advocated by Folin and Wu, it is necessary to saturate a solution 
or mixture with solid picric acid. The Folin-Wu procedure, while 
perhaps theoretically preferable to the earlier methods from cer- 
tain standpoints, yields such weak colors that we question the 
general usefulness of the method. Few analysts can read such 
colors with even approximate accuracy unless the bloods are very 
high in chromogenic substance. We therefore believe that satura- 
tion with picric acid is preferable in all ordinary work. Such 
saturation may, of course, be applied to any filtrates (such as the 
Folin-Wu tungstic acid filtrate) as well as to the original blood. 

In any case, we believe it essential that laboratories where 
attempted saturation with picric acid is a routine procedure should 
be equipped with shaking machines (a rotary type is satisfactory), 
and that all solutions to be saturated with picric acid should be 
placed in such machines for from 5 to 10 minutes, prior to filtra- 
tion. When numerous bloods are handled it is probable that in 
no other way can even approximate saturation with picric acid be 
secured. Where Myers’ method, which involves preliminary dilu- 
tion of the blood with distilled water, is employed, especial care 
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has to be taken in regard to saturation with the picric acid. In 
this method the preliminary stirring as recommended by Myers' 
should be followed by from 5 to 10 minutes in a shaking machine. 
While it is possible to saturate a blood as recommended by Myers,, 
oiir experience shows that this is rarely accomplished in practice, 
and that where many bloods are handled simultaneously, it is 
very difficult to secure saturation by means of stirring. The 
necessit}^ for full saturation is clearly brought out hj Greenwald 
and McGuire. 

A second point of interest in connection with the technique for 
the chromogenic substance in blood is in connection with the pro- 
tein precipitant employed and the amount of dilution at the time 
of the protein precipitation. As noted earlier in this paper, the 
original method of Folin, employing a 1 to 5 dilution with saturated 
picric acid wffien applied to bloods with high “creatinine’^ values, 
results in a loss of a very considerable quantity of the chromogenic 
substance. This loss may amount to 5 mg. or more, per 100 cc. 
The tungstic acid precipitation, carried out at a 1 to 10 dilution as 
proposed by Folin and Wu gives a much better recovery of the 
blood chromogenic substance in the abnormal bloods than does 
the picric acid method at the dilution of 1 to 5. The figures ob- 
tained with this filtrate agree closely with those given by a precipi- 
tation with trichloroacetic acid in a 1 to 5 dilution. Figures by 
these methods are usually appreciably lower than where heat 
coagulation is employed in a 1 to 5 dilution. The difference, how- 
ever, is not great, and on account of convenience we should at 
present recommend use of the Folin-Wu precipitation with tung- 
stic acid, followed by saturation of a portion of the filtrate with 
dry picric acid in a shaking machine for from 6 to 10 minutes. 
After filtering from the excess of picric acid the chromogenic sub- 
stance is determined as in the original Folin method, using stan- 
dard creatinine solutions in saturated picric acid. Table VI shows- 
some comparative figures for the chromogenic substance in dog: 
bloods rich in this substance where different protein precipitant® 
were employed. 

The question naturally arises as to the possible bearing upon 
theories of creatine and creatinine metabolism of the findings 
reported in this paper. While we feel that the present data do not 
warrant detailed discussion, there are certain points brought up 
by the present work which may be briefly considered. 



J. "A. Behre and S. R. Benedict 


31 


If creatinine cannot be demonstrated in the blood, there are two 
possible sources for its presence in the urine. It may be present 
in the blood in traces, and the kidney may be able to concentrate 
creatinine from this exceedingly dilute solution. If this view is 
correct, we should, as pointed out earlier in this paper, be able to 
demonstrate creatinine in blood after impairment or ablation of 
the kidney function. No demonstration short of isolation will 
suffice in this connection. In view of the failure of isolation experi- 
ments reported so far, it would seem of interest to discuss the 
possible origin of the urinary creatinine if creatinine does not occur 


TABLE VI. 

Appaj^ent Creatinine hy the Different Methods for Blood of Dogs with Ureters 

Ligated. 


Source cf blood. 

Hours between 
operation 
and withdrawal 
of blood. 

Apparent creatinine in mg. per 100 cc. of blood. 

Picric acid 
method 

1:5 dilution. 

Sodium 
tungstate 
precipitation 
1:10 dilution. 

Trichloro- 
acetic acid 
precipitation 
1: 10 dilution. 

Heat_ 

coagulation 

method 

1:5 dilution. 


hrs. 





Dog 1 

48 

4.85 

6.96 



2 

72 

6,55 

8.58 



a 3 

42 i 

7,35 

11.6 

11.1 

12.0 

« 4 

46 

6.37 

8.10 

9.04 

10.3 

5 

46 

11.10 

12.24 

12.24 

14.52 


in the blood. Taking this latter view, we must assume that the 
kidney itself produces creatinine from some precursor substance in 
the blood. The most probable precursor, from the chemical stand- 
point, would, of course, be creatine. It is in line with this hypoth- 
esis that we find real evidence for the existence of creatine in 
blood, and it is reasonably certain that under normal conditions 
the creatine content of the blood is very appreciable. What then 
is the fate of this creatine? Is it a waste product, or is it to be 
built up into body tissue? The positive result of our isolation 
experiment on the creatine of the blood of a dog after ablation of 
the excretory function of the kidney, where we were able to demon- 
strate an accumulation of creatine in this blood to an extent ex- 
ceeding 13 mg. per 100 cc., would seem to show that the creatine 
of the blood is a waste product, to be eliminated by the kidney. 
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All five of our dogs in which kidney function was ablated showed 
high creatine figures as follows: 8 . 9 , 8 . 1 , 9 . 3 , 18.5, and 16,8 mg. 
per 100 cc. This creatine behaves as true creatine, and was iso- 
lated (as creatinine) in the only attempt we have made. Hence we 
may conclude that creatine accumulates in the blood when the 
excretory function of the kidney is defective, and we may further 
conclude that creatine in the blood is a waste product. Creatine is 
not normally eliminated as such in the urine, hence it would seem 
that the kidney must eliminate creatine as creatinine or as some 
other product — perhaps urea. An alternative view that there is 
some organ which cafinot act in destroying creatine except when the 
kidney is performing its excretory function would seem too extreme 
a view to deserve consideration. It would seem then that the 
kidney normally eliminates creatine as creatinine or as- some other 
product. Elimination as creatinine seems far more probable. 
There are, of course, difficulties in the way of accepting this view. 
The first which suggests itself is the fact that ingested creatine 
does not appear in the urine as creatinine except in traces. Most 
observers except Folin, are agreed that administration of creatine 
is followed by an appreciable, though very slight increase in the 
urinary creatinine. The observations of Folin and Denis (7) 
would explain how it w^ould be possible for ingested creatine to 
fail to be eliminated in considerable amounts either as creatine or 
creatinine, even though normally creatine is the source of the 
urinary creatinine. These investigators have shown that mus- 
cular tissue appears to have a marked affinity for creatine, and 
that this substance rapidly disappears from the blood and is 
found increased in the muscles. Assuming even an equal affinity 
for creatine between muscular and kidney tissue, we can readily 
see why, on account of the relative bulk of the muscular tissue, 
nearly all of the creatine ingested could get into the muscles as 
creatine, instead of into the urine as creatinine, even though 
normally the kidney eliminates the creatine as creatinine. 
Furthermore, it is quite possible that the forjtnation of creatinine 
in the kidney represents some definite form of kidney metabolism 
associated with a portion of its excretory function. Thus crea- 
tinine might even represent a measure of a special type of kidney 
metabolism. It is also possible that the creatine in the circulation 
differs from ordinary creatine, and is in a combination which can 
readily be converted into creatinine. 
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The question of the occurrence of creatine in the urine need not 
be considered until isolation experiments have shown whether the 
so called creatine in urine is really that compound » We are study- 
ing the question by means of a method which we feel will demon- 
strate whether creatine occurs in urine. 

In the meantime we feel that any theory of creatine and crea- 
tinine metabolism must take into account the fact that creatine 
circulating in the blood appears to be essentially a waste product. 
The view above proposed attempts to do this, and is the only 
view so far put forward which takes account of the increased blood 
creatine after impaired kidney function. 
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Historical. 

The principal respiratory gases, oxygen and carbon dioxide, have 
been measured in animal and plant respiration studies for many 
years. Except for the absorption of carbon dioxide by alkalies 
and the method of Winkler for oxygen, physical measurements of 
volumetric differences following absorption have been used ex- 
clusively. Such methods lead to large errors where small quanti- 
ties of gases are involved. Several different means of measuring 
carbon dioxide, 'vyhich depend upon clear-cut chemical processes, 
have come to be used during the past 10 years. The biometer” 
devised by Tashiro (1) made possible a series of investigations by 
Iiim and his students into the carbon dioxide output of plant and 
animal tissue under various conditions. Based on these observa- 
tions they have drawn some rather definite conclusions as to the 
metabolism of nerve tissue in particular. It is obvious that con- 
clusions with reference to metabolism based on carbon dioxide* 
output would be greatly strengthened and possibly modified if 
they could be confirmed on the basis of oxygm consumption. In 
fact, measurements of oxygen consumed under various conditions 
must serve as far weightier evidence on the mechanism of the 
respiratory processes than measurements of carbon dioxide or of 
other possible metabolites alone. 

As a sequel to the studies on- the carbon dioxide output carried 
on in this laboratory under the direction of Professor A. P. 
Mathews, Dr. H. S. Adams, a student of Tashiro, undertook the de- 
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velopment of a. method for measuring the oxygen consumed by 
respiring tissue. The aim was to determine whether nerve tissue 
used oxygen gas, and if so, whether the consumption was increased 
during the passage of the excitatoiy stages. An apparatus was 
devised in which oxygen in the presence of nitric oxide was ex- 
posed to sodium hydroxide and the nitrite thus formed measured 
colorimetrically. Preliminary determinations, which were not 
published, indicated that the principle could be applied in these 
studies. At this stage Dr. Adams left the work for other duties 
and the problem was turned over to the writer by Professor 
Mathews, 

The investigations of Child (2), Hyman (3), Lund (4), and 
Allen (5) on the relationship between, respiratory rate and general 
metabolism have been confined to the lower aquatic organisms 
where only dissolved ox}."gen is determined. Winkler’s (6) method 
for this has been used for want of a more direct one. Krogh’s (7) 
gas analysis apparatus adapted so well for gaseous oxygen depends, 
as do the earlier types of Winterstein (8), Thunberg (9), and others 
(10), on volumetric measurements before and after absorption of 
the oxygen. One determination by this method requires more 
gas than can be employed practically in a single period of respira- 
tion for small animals or tissues. Since we were in need of a 
method for estimating gaseous oxygen in small amounts which 
would equal the delicacy attained in carbon dioxide estimations, 
the present method was devised. 

Such a method must meet the following requirements: (a) It 
must permit the ■withdrawal of successive samples of air from the 
respiratory chamber and of the analysis of these samples, (b) 
Successive estimations will give differences representing the oxy- 
gen consumed in a given period, and these differences must of 
about the same order of magnitude as the carbon dioxide whicdi 
Tashiro’s apparatus detects; viz,, 1 X gm. (c) The per- 
centage error entering the oxygen estimations must not be larger 
than that entering the carbon dioxide determinations. 

Method. 

The method here presented depends upon the reaction between 
nitric oxide and oxygen. There is not full agreement as to the 
nature of this reaction. Raschig (11) explains the reaction as 
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proceeding in two stages: (a) oxidation of nitric oxide by iiistan^ 
taneously producing N2O3; then, ( 5 ) oxidation of the latter by 
oxygen producing slowty N2O4. Wourtzel (12) has good evidence 
that the reaction is one of the third order, N2O3 not being an inter" 
mediate product, but that NO in excess plus NO2 yields N2O3. 
In the absence of alkali N2O3 accumulates to the extent of 2.5 
parts per 100 but in presence of alkali does not appear as such. 
It is agreed that N2O3 in the presence of sodium h3^droxide gives 
2 molecules of nitrite and that N2O4 gives one of nitrite and one of 
nitrate. Koehler and Marque^uol ( 13 ) showed that by having 
present in the reaction mixture of nitric oxide and oxygen an 
excess of potassium hydroxide no N2O4 wmiild be produced. 
Baudisch and Klinger ( 14 ), using solid KOH to take up the N20g 
in this reaction, made volumetric estimations of nitric oxide where 
excess of oxygen was present, and they suggested the use of an 
excess of nitric oxide for volumetric estimations of oxygen. In 
continuing the work of Adams, above referred to, an apparatus 
and method have been devised in which it is possible to make 
accurate measurements by means of the following procedure: (a) 
Eunning a measured sample of air of unknown ox^^gen content into 
an excess of nitric oxide in the presence of sodium hydroxide solu- 
tion. (6) The colorimetric comparison of the nitrite thus formed 
with a known quantity of nitrite, (c) Reading off the compari- 
son as grams of oxygen on an empirical curve established by the 
same procedure, using known quantities of oxygen. 

A'p'paratus and Manipulation. 

The apparatus figured is connected as indicated at four different 
points with reservoirs (not showm) , containing tenth normal sodium 
hydroxide, nitric oxide, hydrogen, and respiration air, respective^. 
The arrangement and protection of these are described below. The 
apparatus is made in separate sections and assembled with heavy 
rubber connections at points indicated by lines at right angles to 
the tubing. The mounting is a plane | inch board reinforced with 
cleats on the back and fashioned to allow uneven glass parts to be 
set in, and windowed at burettes and reservoirs to permit sighting 
through. Semirigidity is secured for the assembled parts by fine 
wire wrapped over rubber around the tubing at convenient points 
for support and then passed through to the back of the board, 
where it is twisted to the proper tension. 
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Numbers refer to stop-cocks and letters to tubes or chambers. 
A is the reaction chamber in which nitric oxide reacts with oxygen 
in the presence of sodium hydroxide. ^ and tube to A are cali- 
brated to hundredths of a cc. for measuring nitric oxide. B is a 
graduated 1 cc. burette with mercury leveling tube of the same 
bore for measuring samples of diluted air into A. C is the respira- 



tion chamber of adjustable capacity (maximum, 20 cc.) where the 
tissue under observation is placed on platinum tips which may be 
used as electrodes for stimulation; the cover is ground and set 
deeply to provide for sealing with mercury; the side-tube at 10 
permits the inflow of air to be used as respiration medium; the 
side-tube at 9 permits the outflow of wash aiy. This chamber 
during standardization of the apparatus serves as a reservoir for, 
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oxygen. F is a gi’aduated 3 cc. burette sealed below to a cali- 
brated bulb of 38 cc. capacity and with a leveling tube of the same 
bore. This burette and its leveling tube are parts from the Van 
Slyke amino nitrogen micro apparatus. It serves for diluting re- 
spiration air drawn in through 9,8, 11, and provides storage space 
or permits its transfer to E through 8, 7 for storage. Ground 
points must be kept clean and tight. Cleaning may be effected by 
removing grease from joints then applying suction at 3, 6, and 9 suc- 
cessively, using first 30 per cent nitric acid when mercury particles* 
are lodged with grease, then following with water, alcohol, and 
ether. Tightness of joints is secured by using sparingly a heavy 
grease of 2 parts gum rubber to 1 of vaseline with such an amount 
of paraffin oil (4 to 15 drops to 25 cc.) as is required to make the 
mixture smooth. In warm weather less oil is necessary than in 
cold. 

To make an estimation the sample of air to be analyzed is 
secured in C. If it is from an outside source it may be drawn in 
through 9 by adjusting the leveling tube, C having been filled pre- 
viously with mercury up to 9 and its outlet. If it is respiration 
air, the air may enter at 10, bubbling through such mercury in C 
as may have been used to adjust its capacity. In order to bring 
the oxygen concentration to the neighborhood of 0.3 to 0.9 per 
cent by volume, if dilution is necessary, a portion of it may be 
measured into F through 9,8,11 and then diluted to the mark on 
D with hydrogen through 11, This is then run into E under 
pressure where after complete mixing it may be held for analysis. 
Before analysis the system 1, 2, S, 4^ 5, A, 6 must be filled com- 
pletely with tenth normal sodium hydroxide; the system B,7 to 5 
on the one hand and E on the other must be filled with mercury. 
The necessary quantity of nitric oxide is measured through 2 and 
driven into A by alkali through 2, 6 being opened each time an 
inlet into A is opened. • From E a sample of air is taken into B and, 
with 7 closed, measured out into A, that in the tube above 5 being 
then driven into A by alkali through 5. The reaction progresses 
to equilibrium and the products are driven out through 6 by alkali 
entering 2, 4, and S, care being taken to keep the residual gas in A, 
Prom 6 the products are run directly into a volumetric flask con- 
taining the reagents used for developing the dye. The intensity 
of color developed as measured against a standard in a colorim- 
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eter l^ecoiiies a measure of the quantity of oxygen entering into 
the reaction. 

Materials. 

Oxygen for this work is generated by the treatment of hydrogen 
peroxide with manganese dioxide in alkaline solution. A nitrom- 
eter fitted with a capillary stop-cock at the top, a leveling tube 
below, and a side-tube with a stop-cock and funnel attached, is 
filled with 5 per cent sodium hydroxide. A few cc. of hydrogen 
peroxide are run into the nitrometer through the side-tube and a 
minute amount of manganese dioxide is then washed in with the 
alkali. The oxygen is dravm off through the capillary stop-cock 
into the apparatus for dilution. 

Tenth normal sodium hydroxide is sufficiently concentrated to 
take up quickly the products of the oxygen — nitric oxide reaction. 
This is prepared oxygen-free by boiling redistilled water, adding 
slowly the necessary amount of pure, solid sodium hydroxide to it 
at the boiling temperatm’e, and cooling in a stream of oxygen-free 
hydrogen. The cooled alkali is then drawm by suction into its 
reservoir on the apparatus. The reservoir for several days pre- 
viously is treated with frequent changes of oxygen-free hydrogen 
to remove as completely as possible the oxygen occluded on its 
walls. In spite of these precautions against the admission of 
oxygen into the apparatus wuth the alkali, unless further and con- 
tinued treatment of it is employed, traces continue to appear. 
These last traces may be made so small as to be undetectable, by 
adding through a dropping funnel into the reservoir a few drops of 
10 per cent manganous chloride solution. The white manganous 
hydroxide flocks down and appears as the black dioxide as rapidly 
as the traces of oxygen in the alkali react with the former. The 
presence of unchanged manganous hydroxide after a few hours is 
evidence that oxygen is absent, and a blapk run on the reagent 
will yield no color. The delivery of this solution to the apparatus 
is by siphon and pressure from an 8 liter bottle that is kept two- 
thirds filled. The bottle is supplied by a carboy placed on the 
floor. Pressure, to insure delivery from carboy to bottle, is se- 
cured from a commercial tank of electrolytic hydrogen (99.9 per 
cent) which is bubbled through a train of two alkaline pyrogallol 
solutions and one of boiled linseed oil. This replaces the alkali 
withdrawn by an oxygen-free atmosphere. 
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The diluent for the oxygen and for respiration air is hydrogen. 
Nitrogen has been used with equal success in every particular, but 
that secured commercially requires greater pains and more time 
for ridding it of substances that cause color to develop in otherwise 
blank mixtures. The relatively pure commercial hydrogen saves 
time and furnishes' the desired pressure. This is washed, as wdieii 
used for pressure on the tenth normal sodium hydroxide, through 
two alkaline pyrogallol solutions and one of boiled linseed oil to 
remove oxygen, traces of carbon monoxide, and ozone, and again 
through an alkaline p^u'ogallol solution. Thus prepared it shows 
no trace of oxygen when tested by the method under consideration. 

Nitric oxide is prepared in a Kipp generator by the reduction of 
nitric acid by copper. Nitric acid of 35 per cent concentration 
and copper turnings are used. The gas is washed twice through 
20 per cent sodium hydroxide to take out other active oxides of 
nitrogen and is stored in the apparatus over alkali of the same 
concentration in such a way that alkali I'eplaces the gas as it is 
withdrawn. Thus prepared it is between 81 and 85 per cent pure 
as determined by its absorption in alkaline permanganate in the 
Van Slyke apparatus for amino nitrogen. The diluents present 
are inert as far as our reaction is concerned. This concentration 
proves, for the conditions under which analyses here reported have 
been made, to be the most suitable. 

A colorimetric method demands a standard color which can be 
duplicated with accuracy under the rather variable conditions of 
temperature and pressure which prevail at the time of the experi- 
ments. The nitrite reagents described by Woodman and Norton 
(15) are used. The vsul(anilic acid and a-naphthylamine in acetic 
acid solution are prepared in liter quantities and stored separately 
in amber bottles with siphon attachment. 10 cc. of equal parts 
of the mixed reagents are run into a 50 cc, volumetric flask, then 
5 cc. of the diluted. sodium nitrite, to be described later, and finally 
tenth normal sodium hydroxide to bring the volume to 50 cc. 
This is mixed, allowed to stand 30 minutes, and compared in the 
Diiboscq colorimeter with the ultimate standard (permanganate- 
dichromate mixture) set at 10 mm., or with the unknown when the 
former nitrite standard is set at 20 mm. on the scale, The ana- 
lyzed grade of sodium nitrite put up by the Baker Chemical Co., 
proved satisfactory. Stock solutions were prepared from this on 
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three different occasions during June and July of 1918 and dilu» 
tions were made at the same time to contain 8.892 mg. of sodium 
nitrite per liter. Both stocks and dilutions 1 year later were of 
the same concentration of nitrite as measured against fresh prep- 
arations and against the ultimate standard consisting of a mixture 
of 60 parts m/1,000 potassium permanganate and 40 parts m/1,000 
potassium dichromate (16), measurements being made in a 
Duboscq colorimeter. The difliculty of using the last as a stand- 
ard in routine work is that a tinge of purple not present in the 
diazo compound gives a different quality to the color and thus 
renders comparisons slow and difficult. Furthermore, the change 
in the color intensity of the permanganate-dichromate mixture 
with variations of temperature, differs from that of the diazo 
dye. 

The empirical relation between intensity of color and quantity 
of oxygen, is expressed on the curve (Fig. 2) in which colorimeter 
readings are found on the ordinates and grams of oxygen on the 
abscissae. Colorimeter readings are thus inversely proportional 
to intensity of color. And the depth of colof is a measure of the 
quantity of nitrite present. Since the nitrite formed, as will be 
shown later, is a function within rather narrow limits of the 
concentration of nitric oxide, it is not a measure of the quantity of 
oxygen except where the concentration is kept very nearly con- 
stant. But, this being done, the intensity of color produced 
may be taken as a measure of the quantity of oxygen in the sample. 
The colorimeter reading from a sample of unknown oxygen con- 
tent is located on the curve, and the grarn^ of oxygen correspond- 
ing thereto is read off directly. 

It has been found in the course of the estimations that the in- 
tensity of color, when the same amounts of oxygen are used suc- 
cessively, is a function of the concentration of nitric oxide. It is 
therefore necessary to keep this constant within certain limits in 
all estimations. This is done by measuring off the quantity of 
85 per cent nitric oxide to be used, knowing beforehand very roughly 
the quantity of air and its oxygen, content. One preliminary 
trial will settle this for any single gas. Thus in the residual gas, 
after the completion of the reaction, the nitric oxide concentra- 
tion should be approximately constant for all estimations, and this 
concentration should be just so low that nitric oxide will be dis- 
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TABLE I. 


Data Used in Establishing Curve, 


Toiiiper- 

ature. 

Barom- 

eter. 

NO used. 

“Air”' used. 

O2 calculated in 
sample.*^ ^ 

Standard at 20; 
average of three col- 
orimeter readings . * 


mm. 

cc. 



1 

cc. j 

t/m. 

7n m . 

20.5 

740.5 


I 

3 

0.895 

4.14S X lO-' 

17.6 

20.5 

740.5 



4 

1 0.913 

4.232 ; 

17.0 

20.5 

740.5 



5 

0.867 

4.01s 

IS.O 

22.0 

731.5 

o.iioi^ 


^ \ 

0.852 

3. SSI 

IS. 2 

22.0 

731.5 

i 0.010 


7 

0.93S 

4.273 

17.1 

22.0 

731.5 



S 

0.915 

4. 168 

17.4 

22.0 

731.5 



9 

0.797 

3.630 

19.5 

22.0 

732.0 



10 

0,758 

3.455 

20.5 

23.0 ^ 

736.0 

0.103 

M 

1 

0.651 

6.738 

12.4 

23.0 

736.0 

0.103 


2 

0.759 

7.856 

10.8 

23.0 

736.0 

0.103 


3 

0.785 

8.073 

10.7 

23.0 

736.0 

0.135 


4 

0.780 

8.073 ! 

10.2 

23.0 

736.0 

0.135 


5 

0.078 

7.018 

11.9 

23.0 

736.0 

0.116 


6 

0.572 

5.921 

13.7 

23.0 

736.0 

0.116 


7 

0.475 

4.916 

15.6 

23.0 

736.0 

0.116 


S 

0.422 

4.36S 

15.1 

23.0 

736.0 

0.103 


9 

0.345 

3.571 

20.0 

23.0 

736.0 

0.103 


10 

0.209 

2.163 

26.1 

22.0 

746.6 

0.103 


11 

0.412 

4.340 

16.7 

23.0 

745.0 

0.103 

N 1 

1 

0.725 

5.063 

15.5 

23.0 

745.0 

0.103 


2 

0.666 

4.651 

16.3 

23.0 

745.0 

0.103 


3 1 

0.543i 

3.792 

19.1 

23.0 

745.0 

0.103 


4 1 

0.4531 

3.163 

22.0 

23.0 

745.0 

0.087 


5 

0.397 

2.772 

24.9 

22.0 

745.0 

0.087 


6 

0.274 

1.920 

, 26.8 

23.0 

747.0 

0.113 

0 

1 

0.830 

6.419 

11.5 

23.0 

747.0 

0.113 


2 

0.747 

5.777 ' 

14.2 

23.0 

747.0 

0.113 


3 

0.713 

5.514 

14.4 

22.0 

747.0 

0.103 


4 

0.651 

5.052 

15.5 

22.0 

747.0 

0.103 


6 

0.601 

4.664 

16.3 

22.0 

747.0 

0.103 


6 

0.553 

4.291 

Leak developed. 

23.0 

747.0 

0.103 


7 

0.534 

4.130 

17.0 

24.0 

747.0 

0.103 


8 

0.453 

3.492 

19.7 

23.0 

747.0 

0.087 


9 

0.350 

2.707 

23.5 

24.0 

747.0 

0.087 


10 

0.270 

2.081 

26.5 

23.0 

747.0 

0.087 


11 

0.221 

1.709 

28.9 

23.0 

i 

747.0 

0.087 


12 

0.140 

1.083 

31.2 



Howard M. Sheaff 


45 


TABLE I — Concluded, 


Temper- 

ature. 

Barom- 

eter. 

NO used. 

“Air” used. 

O 2 calculated in 
sampie.* 

Standard at 20; 
average of three col- 
orimeter readings.* 

T’. 

mm. 

cc. 



cc. 

(jrn. 

•m m. 

22.0 

745.0 

0.113 

P 

A 

o.ssi 

6.255 X 10“fi 

13.4 

22.0 

•745.0 

0.113 


2 

0.764 

5.424 

15.2 

22.0 

745.0 

0.113 


3 

0.681 

4.835 

15.8 

22.0 

745.0 

0.113 


4 

0.625 

4.437 

16.4 

21.0 

745.0 

0.103 


5 

0.5S4 

1 4.160 

17.6 

21.0 

745.0 

0.103 


6 

0.504 

! 3.590 

1 19.6 

21.0 

745,0 

0.0S7 


7 

0.489 

3.483 

20.0 

21.0 

745.0 

0.087 


8 

0.315 

i 2,244 

25.9 

22.0 

745.0 

0.087 


9 

0.283 

1 2.000 

26.1 

23.0 

745.0 

0.087 


10 

0,140 

0.991 

37.9 


* The last two columns •furnish the data for the construction of the 
curve. 


Preparaiion of Referred to in Table I, 


“Air.” 

Date. 

• 

At time of dilution. 

1 

O 2 diluted. 

Diluted 
with H 2 to 

O 2 in air 
as used. 

Tempera- 

ature. 

Pressure, 


1918 

“0. 

mm. 

cc. 

cc. 

per cent 

I 

Nov. 5 1 



0.782 1 

218.5 

0.3579 

M 

Dec. 24 1 

21.0 

735 

0.020 1 

76.45 

o.sno 

N 

27 

22.5 

745 

0.415 

76.78 

0.5405 

0 

« 28 

23.0 

747 

0.463 

77.55 

0.5970 

P 

28 

23.0 

747 

0A20 

76.69 

0.5477 


solved by the tenth normal sodium hydi’oxide to so small an extent 
that on withdrawal into atmospheric air, an undetectable quantity 
of nitrite will be formed by reaction with atmospheric oxygen as 
shown by absence of color when the reagents are added. Such 
blank tests must be made from time to time to assure one that 
too large quantities of nitric oxide are not being used. And to 
give assurance that enough nitric oxide is being used, it is only 
necessary to add a small quantity of the air under observation to 
the residual gas and to withdraw the alkali through it into the 
reagent when slight coloration will result. 

The effect of temperature upon the intensity of color has been 
found to be negligible within 5®C. of the temperature prevailing 
in the laboratory (23^C.) at the time the curve was constructed. 
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TABLE II. 


Data on Airs of Unknown Oxygen Content, 


Unknown. 

Diluted to 

O2 found in sample. 

Total O2 
found. 

Total O2 
present. 

Error. 


cc. 

gm. 

cc 

cc. 

‘per cent 

I 

77.888 

6.43 X lO-s 

' 0.440 





5.99 

0.417 





5.49 

0.428 





5.24 

0.431 





4.27 

0.458 





3.90 

0.459 



Average reported 

0.439 

0.450 

-2.4 

II 

>76.018 

7.14 X 10-“ 

0.467 





S.43 

0.501 





4.47 

0.504 





4.12 

0.606 



Average reported 

0.494 

0.475 

4-4.0 

Ill 

77.137 

6.17 X 10-5 

0.377 





4.07 

0.398 





4.62* 

0.364 





3.32 

0.387 





3.29 

0.403 





4.32 

0.367 1 





4.18 

0.398 1 



Average reported. 

0.385 

0.371 

+3.8 

IV 

77.315 

6.83 X 10-« 

0.414 





4.55 

0.412 





3.93 

0.409 





3.36 

0.409 





2,93 

0.413 





2.36 

0.405 



Average reported 

0.410 

0.406 

+0.98 


Tests of Method, 

After the establishment of the curve, using measured quantities 
of oxygen mixed with known quantities of diluent, the next step 
consisted in ascertaining how reliable the method would be in 
estimating unknown quantities of oxygen. A colleague measured 
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off in the instrument at different times four samples of pure ox;\’-gen 
prepared as described above, mixed them with hydrogen separately 
and left them with the writer for analysis. The table presenting 
the results of the analyses shows a maximum variation of 4.0 per 
cent between the quantities given and the quantities reported. 
This is a greater variation than is to be expected using a modified 
technique now employed and described herewith for insuring proper 
mixing of gases in the storage chamber. Samples of consider- 
able variation in size were used to see that the individual values 
secured, within the range of the curve, were well within the limits 
of error found in the reports. Under ''Unknown IV’’ (Table II) 
the values show typical variations to be found among separate 
determinations of samples analyzed subsequent to . the date of 
this report. 

Application of Method. 

After confirming the relative accuracy of the method on artifi- 
cial air mixtures, it was next applied to airs before and after 
respiration. The procedures for the analysis of samples of respira- 
tion air were identical with those described above. The tissue 
used was the excised sciatic nerve of the frog, Rana pipiens. The 
brain was pithed and one or both sciatics removed according to 
the experiment. Removal was as rapid as possible and with the 
least possible trauma to the nerve. The excised nerve was placed 
at once in Ringer’s solution, removed gently to dry on washed 
filter paper, weighed, and placed in a respiration chamber. Pre- 
pared respiration air was passed through the chamber for such a 
time as experience has shown sufficient to have washed it com- 
pletely of air previously contained. A nerve was considered as 
"resting” or stimulated according to treatment — ^Testing” if pre- 
pared with sharp instruments and handled speedily and gently 
and placed on uncharged electrodes of the chamber; stimulated 
if prepared in the same way, but treated through electrodes with 
rapid induced shocks which were shown in the muscle-nerve prep- 
aration of the other leg, to be just sufficient to cause response of 
the muscle when applied to the proximal end of the nerve, stimula- 
tion being continued through the period of respiration. Samples 
of air taken from the empty chamber before and after use of the 
same strength of induced shocks for the same period, showed the 
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TABLE III. 

Bata on the Respiration of the ^^Resting^^ Sciatic Nerve, 



9 

rt 

O 

(• 

CJ 

i 

O 

> 

Weight of 
nerve. 

Time of 
respiration. 

rn . 

o a 

Dilution of respiiation 
air. 

Date. 

(1) 

o 

c 

»-< 

ci 

K 

3 ) 

4 ) 

-S 2 

'S 

m 

(5) 

d 

(6) 

c 

< 

i') 

Begin- 

ning. 

(S) 

Close. 

(9) 

2-1 
§.§ 
'c ^ 
> 

(10) 

Before. 

(11) 

After. 

(12) 

tB19 


mm. 

p.m. 

p.m. 

mg. 

mg. 

p.m. 

p.m. 

cc. 

cc. 

cc. 

Jan. 11 

22.5 

756 

5.05 

5.13 

63 

60 

5.181 

5.3Si 

19 

2.198 to 
38.82 j 

2.470 to 
37.06 


Analysis of ‘‘Airs^^ from the Last Two Columns of Table III. 


Air. 

g 

"S 

o 

A 

1 

s 

2 i 

o 

K 

o 

Air used. 

— -a 

C ZL 

r.S 

£ "3 

^ s 

*0 O 

ll 

0*5 

J> 0 

O 2 as read 
off on curve. 

O 2 in 19 cc, 
respiration air. 


°C. 

mm. 

cc. 

cc. \ 

mm. 

gm. 

gm. 

Piirespired, clilut- 

24.5 

742 

0.103 

0.900 

19.2 

3.75 X io-« 

1.363 X 10-’ 

eel as per Col- 

I 24.0 

742 

0.103 

0.708 

22.7 

2.97 

1.374 

umn 11 above. 

24.0 

742 

0.103 

0. / 45 

22.1 

> 3.10 

1.363 


24.0 

742 

0.103 

0.S69 

20.4 

3.46 

1.305 


24.0 

742 

0.103 

0.997 

18.3 

3.97 

1.305 

Average , 

1.342 X icr 3 


Respired, diluted 

23.0 

742 

o.iosi 

0.966i 

17.1 

4.29 X 10-« 

1.260 X 10-2 

as per Column 

1 23.01 

742 

0.103! 

0.801 

20.5 

3.44 

1.219 

12 above. 

23.0 

742 

0.103* 

0.870 

Withdrawn, too 

Discarded. 







early. 



23.0 

742 

0.103 

0.951 

17.3 

4.23 X10~® 

1.262 X i(r 3 


23.0 

742 

0.103 

0.684 

22.5 

3.02 

1.253 


23.0 

742 

0.103 

0.732 

21.4 

3.25 

1.260 

Average 

1.251 X 10-”^ 



same oxygen content; thus showing that the current alone was not 

responsible for changes in oxygen content. Mechanical stimula- 
tion resulting from trauma by rough handling or drying of nerves, 
gave oxygen consumptions higher than those for the “resting” 
nerves. The effect of mercury vapor on the respiration of the 
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nerve was not eliminated entirely, though since the “resting” and 
stimulated nerves w^ere treated alike in exposure to the mercur}^, 
the relative values between “'rest” and stimulation remain 
comparable. 

The choice of the partial pressure of ox^^gen to be used in the 
respiration medium, will depend upon the nature of the tissue 
which is subjected to experimentation. For anatysis it may be 
diluted as required. In the experiments here cited atmospheric 
air W'ith carbon dioxide removed, was diluted with hydrogen to 
give an oxygen concentration of about 5 per cent by volume, or a 
partial pressure of approximate^ 35 mm. of mercury which is that 
given b^^ Ivrogh (17) for human arterial blood. 

To secure the figures in the last column of Table HI the follow- 
ing formula was used : 

Gm. O2 read on curve X voL diluted air X voL 
resp. air X wt. O2 per cc. time of analysis 
Wt. O2 per cc. time of dilution X vol. air used 
in analysis X vol. air taken for dilution 

Taking values before respiration and again after, we have, 
1.342 X10““® — 1.251 XIO”® = 0.091 XlO"® gm. of O 2 used by 
60 mg. of nerve tissue in 20 min. “resting,” or 0.76 X10“^ gm. 
of O 2 used by 10 mg. in 10 min. Another nerve prepared in the 
same way, “resting,” used 0.434 X10“^ gm. of O 2 per 10 mg. per 
10 mill. 

Three similar nerves from different frogs under stimulation with 
a w'eak induced current used 1.32, 1.39, and 1.51 X10~^ gm.^of 
O 2 per 10 mg. per 10 min., respectively. 

The writer was not equipped at the time to make oxygen and 
carbon dioxide estimations simultaneously for the purpose of 
checking gaseous intake against gaseous output. 

CONCLUSIONS. 

1. A microchemical method for the estimation of oxygen has 
been devised depending upon the colorimetric estimation of nitrite 
formed in the interaction of oxygen and nitric oxide in the presence 
of sodium hydroxide solution. 

2. This method is sufficiently delicate for measuring amounts of 
oxygen of the order of magnitude 1 XIO”^ gm., or less than 
0.1 c.mm. of the gas. 
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3. Application of the method has been made to the micro respira- 
tion of frogs sciatic nerves and it has been found that from 0.434 
to 0.76 X 10”® gm. of oxygen is used by 10 mg. of nerve per 10 min. 
in the ‘^resting” state and from 1.32 to 1.51 XIO"® gm. when 
stimulated by weak induced shocks. 

The writer wishes here to express his appreciation of the interest 
and assistance given by Professor F. C. Koch throughout the 
course of this investigation. 
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THE DIFFERENTIAL PRECIPITATION OF THE PROTEINS 
OF COLOSTRUM AND A METHOD FOR THE 
DETERMINATION OF THE PROTEINS IN 
COLOSTRUM. 

By PAUL E. HOWE. 

{From the De'pariment of Anmial Pathology of The Rockefeller Insiiiuie for 
Medical Research, Princeton, N, J .) 

(Received for publication, February 17, 1922.) 

As a result of work on the appearance and disappearance of 
protein in the blood of young calves (1) it became desirable to 
determine the proteins in colostrum. The blood of a new-born 
calf after it has taken colostrum contains rather large quantities of 
euglobulin and pseudoglobulin I whereas before it has taken colos- 
trum these proteins are absent. The evidence points to a direct 
absorption of the protein from the alimentary tract for two reasons, 

(а) the time interval between ingestion of colostrum and the 
appearance of the proteins in the blood is short, 2 to 5 hours, and 

(б) these proteins do not appear any extent in the blood of 
calves which are fed milk from a cow well along in lactation. If 
the assumption of direct absorption is correct, and it appears to 
be, we should expect to find both types of globulin in colostrum. 

Two groups of investigators, Crowther and Raistrick (2), 
Dudley and Woodman (3), and Woodman (4), working upon the 
relation of the proteins of milk and colostrum to each other and to 
similar proteins of other species or to blood have attempted the 
separation of euglobulin from the other globulins of colostrum. 
Crowther and Raistrick precipitated casein^ with potassium alum 
according to the procedure of Schlossmann (5), filtered, neutralized 
the filtrate, precipitated the globulins with magnesium sulfate, and 
then dialyzed the dissolved precipitate to separate the euglobulin 
from the pseudoglobulin. Dudley and Woodman precipitated the 

1 The term casein is used in this work to designate the protein of milk 
which corresponds to the English term caseinogen, 
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casein of colostrum with acetic acid, neutralized the filtrate, and 
then separated the globulins in the same manner as did Crowther 
and Raistrick. 

Various procedures have been suggested for the cleterminatioii 
of casein, albumin, and total globulins in colostrum. The litera- 
ture on the subject has been reviewed by Engel (6). Sebelien (7) 
obtained maximal values for globulin in colostrum Iw subtracting 
the value obtained for casein by precipitation with acetic acid 
from that obtained by precipitating with magnesium sulfate; mag- 
nesium suEate precipitates casein and all of the globulins. A 
minimal value was obtained by saturation with sodium chloride 
which precipitates casein and part of the globulins. From our 
work the minimal values obtained by Sebelien probably represent 
the eiiglobulin and not any of the pseudoglobiilins. Albumin was 
determined in the filtrate from the saturated magnesium sulfate 
precipitation. Tiemann (8) utilized the clay plate method of 
Lehmann (9) to separate the dissolved proteins of colostrum from 
the undissolved proteins. Results were obtained for casein which 
agreed very well with those obtained by the methods of Schloss- 
mann and of Sebelien. Simon (10) has reexamined the procedures 
of previous investigators for the analysis of milk and obtained 
similar results for casein with acetic acid and alum and higher 
results with saturated magnesium suEate and sodium chloride, due, 
as he suggests, to the precipitation of globulin by these salts. 
For total protein Almdn^s tannic acid reagent, phosphotungstic 
acid, and trichloroacetic acid gave essentially the vsame results. 

The Basis for the Determination of the Proteins of Colostrum , — The 
general technique for the determination of the proteins of colos- 
trum involves the direct determination of casein and the estima- 
tion of the remaining proteins by means of definite concentrations 
of a salt or by the use of different salts. In this work anhydrous 
sodium suEate was used. Storch (11) has used sodium sulfate at 
room temperature in the separation of the proteins of milk. 
Casein was precipitated by saturated sodium suEate, which at 
room temperature would be equivalent to between 14 and 19 per 
cent (16-20*^0.). This corresponds very closely to the precipita- 
tion limits of casein found by us. Three procedures were open: 
Procedure A, to precipitate the casein with an acid or alum and 
and then to add various amounts of sodium suEate to the neutra- 
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lized filtrate^ which is essentially the method of Crowther and 
Raistrick and Dudley and Woodman in preparing the proteins of 
colostrum and milk, Procedure B to precipitate casein and euglob- 
ulin together with saturated sodium chloride and from a series 
of precipitations with sodium sulfate on other portions of colos» 
trum to calculate the amount of casein and eugiobulin present, or 
Procedure C to make a series of precipitations with sodium sulfate 
and to precipitate the casein from the filtrates of such precipita- 
tions. It was hoped that all three procedures could be utilized in 
establishing one of them as the most convenient and reliable but 
this hope was not entirely realized. On the other hand each pro- 
cedure helped in the analysis of the others. Experiments with 
colostrum in which Procedure A w'as used were variously successful 
and unsuccessful. The chief difficulties were the determination 
of the completion of precipitation of casein and the altered condi- 
tions as the result of acidification and neutralization. Procedure 
B was also more or less unsuccessful but the results served 
as a fair check on the determinations of casein and eugiobulin. 
Procedure C has yielded reasonably consistent results. 

EXPERIMENTAL. 

The experimental work on the determination of the proteins of 
colostrum involved two phases, (a) the fractionation of colostrum 
with sodium sulfate and (b) the determination of casein. As the 
result of previous experience with blood (12) the analytical pro- 
cedures were confined ahnost entirely to the analysis of small 
quantities of colostrum, 0.5 cc. diluted with 15 cc. of solution or an 
equivalent dilution. The measurement of such small quantities 
of the most concentrated samples of colostrum presented certain 
difficulties on account of the viscosity of the material; we were 
able, however, to obtain results which agreed very closely with 
those found with larger quantities. All samples of colostrum were 
centrifuged to remove most of the fat, the colostric bodies, etc,; 
our remarks, therefore, apply only to the “fat-free^^ colostrum. 
When sodium sulfate was used it was added to the measured sam- 
ple of colostrum in concentrations which would give the desired 
percentage in the volume of colostrum used plus the volume of 
added solution. Most of the precipitations were made by the 
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addition of known concentrations of sodiuna sulfate to measured 
quantities of colostrunij such results were often checked by adding 
the salt to the diluted colostrum* The degree of dilution adopted 
was that found to be sufficient for blood. That the dilution was 
adequate was verified by experiments in which 0.5 cc. of colostrum 
of high protein content was added to 30 cc. of salt solution; i.e., 
double the dilution employed in this work. All precipitations were 
made at 37°C. For the precipitation of casein a 10 per cent solu- 
tion of acetic acid was used or a saturated solution of potassium 
alum. The quantity of protein precipitated was estimated by 
analyzing an aliquot portion of the filtrate by the Kjeldahl method. 
Because of the amount of material to be oxidized the usual 500 cc., 
or 250 cc., Kjeldahl flask was used in place of the Pyrex test-tubes 
employed in the work on blood, 10 cc. of sulfuric acid were used in 
the oxidation. With suitable precautions it is possible, however, 
to use the large test tubes and the micro distillation procedure 
introduced by Folin. 

Effect of Increasing Concentrations of Sodium Sulfate upon Colos- 
trum or Milk. — Colostrum was treated with various concentrations 
of sodium sulfate to determine the presence of critical zones in 
the curve of protein precipitated. In Tables I and II are data 
from experiments on colostrum and also on milk. 

Sodium sulfate was added to diluted colostrum, or solutions of 
a given concentration to measured quantities of colostrum, so that 
a series of solutions which differed from each other by a small but 
definite amount of the salt was obtained. When precipitation 
occurred the filtrates were analyzed for nitrogen by the Kjeldahl 
method and the quantity of protein was estimated from the total 
nitrogen content of the colostrum. Examples of such series are 
contained in Tables I and II. In Table II analyses of a number of 
different samples of colostrum are given. These data are pre- 
sented to show the nature of the deviations from the conclusions 
which may be drawn and also to bring out the constancy with 
w^hich other phenomena occur. 

Colostrum, like blood, is a mixture of proteins and other sub- 
stances. Any procedure which attempts to separate the proteins 
of such a mixture without purification must, indeed, carry with 
it certain errors such as may result from adsorption, possible 
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overlapping of precipitation limits, etc. To obtain a relative de- 
gree of constancy in any set of procedures is, we believe, to ap- 
proach the minimum of error under the conditions imposed. At 
present our methods for the separation of proteins are confined to 
precipitation with salts or acids, and occasionally alcohol. 


TABLE I. 

Nitrogen Precipitated from Colostrum and Milh by Acidification, Saturated 
Sodium Chloride, and Various Concentrations of Sodium Sulfate A 



Colostrum. 

Milk. 

Nin 

filtrate. 

N 

preci])i- 

tated- 

Nin 

filtrate 

after 

acidifi- 

cation. 

N 

precipi- 
tated by 
acid. 

N in 
filtrate. 

N 

precipi- 

tated- 

Total N 

3.226 




0.551 ! 


Alum 

2.363 

0.863 



0.144 

0.407 

Acetic acid 

2.408 i 

0.818 



0.124 

0.427 

Saturated NaCi 

0,808 i 

2.418 


i 



Na2S04 







13.5 per cent 

1.992 

1.234 

1.159 

0.883 

0.553 

0.007 

14.0 “ “ 

1.926 

1.300 

1.056 

0.870 

0.540 1 

0.011 

14.2 “ “ 

1.860 

1.366 

1.002 

0.858 



14.5 “ “ 

1.383 

1.843 

0.726 

0.657 



16.4 

0.682 

2.542 

0.429 

0.283 

0.322 

0.229 

17.4 “ “ 

0.508 

2.718 

0.379 

0.129 

0,153 

0.398 

18.4 “ 

0.445 

2.781 

0.338 

0.107 

0.136 

0.415 

19.3 “ “ 

0.437 

2.789 

0.338 

0.099 

0.132 

0.419 

20.3 “ 

i 0.429 

2,977 

0.330 

0.099 



21.3 “ “ 

0.392 

2.834 

0.214 

0.178 

0.128 

0.423 

23.2 “ “ 

0.396 

2,830 

0.190 

0.206 

0.128 

0,423 


* Results are expressed as grams of nitrogen in 100 cc. of the original 
sample. 


Protein, EuglobuUn, Precipitated at 14-0 to 14>^ Per Cent of 
Sodium Sulfate . — ^From a consideration of the data presented in 
the tables it will be seen that there is, in general, a marked change 
in the quantity of protein precipitated between 14,2 and 14.5 per 
cent of sodium sulfate and that the quantity of protein precipitated 
at 14.0 to 14.2 per cent of sodium sulfate is approximately the 
same. The point in the curve of precipitation at which there is 
little change in the quantity of protein precipitated will be desig- 
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nated the “’critical zoiie/^ A ‘sharp critical zone is not evident 
when the concentrations of sodium sulfate differ by 1 per cent of 
sodium sulfate. If the results obtained with a difference of 1 
per cent be plotted the points representing protein precipitated 
approximate a straight line between 12.5 and 16 per cent of 
sodium sulfate with a very sharp break between 16 and 17 per cent. 
If, on the other hand, the results from a series of precipitations in 
which the sodium suKate differs by 0.2 per cent be plotted there is 
almost invariably a zone betw’een 13.5 and 14.5 per cent of sodium 
sulfate in which an increment of 0.2 per cent does not cause a 
marked increase in the quantity of protein precipitated. The 
critical zone usually occurs at 14.0 to 14.2 per cent of sodium 
sulfate. There are one or twm exceptions in Table IL In thp 
case of Sample P the critical zone occurs at 13.5 to 14.0 per cent 
of sodium sulfate and in the case of Sample E the critical zone is 
at 14.2 to 14.5 per cent. 

Data obtained after the removal of casein with acid and then the 
addition of sodium sulfate to the neutralized filtrate did not always 
agree with that obtained by direct precipitation with regard to the 
absolute amount of protein precipitated. Whether the absolute 
results agreed or not the evidence of a critical zone remained and 
with less variation than with direct precipitation. The failure al- 
w^ays to obtain agreement in the quantity of protein precipitated 
is to be laid, we believe, to the effects of acidification and neutrali- 
zation. ‘No matter what procedure is adopted the results obtained 
at 18.4 per cent of sodium sulfate essentially agree. Inoneattempt 
to solve the difficulties in this procedure a series of experiments 
w^as conducted in which various amounts of acetic acid were added 
to attain certain degrees of acidity or flocculation. After filtration 
the neutralized filtrates were precipitated with sodium sulfate. It 
was found that, in spite of the fact that various quantities of pro- 
tein were precipitated by acetic acid and subsequently by 14.0 
per cent of sodium sulfate, the sums of the quantities of protein 
precipitated by acetic acid and 14.0 per cent of sodium sulfate 
were practically identical and equalled the protein precipitated 
by sodium chloride. Furthermore, the quantity of protein pre- 
cipitated by 18 per cent of sodium sulfate was essentially the 
same. The difficulties of this procedure with the possibilities for 
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error do not seem to warrant its use for the determination of the 
proteins of colostrum. 

A critical zone at 14.0 to 14.2 per cent of sodium sulfate agrees 
with the results obtained with blood.- In our discussion protein 
precipitated up to and including the critical zone will be designated 
eiiglobulin. From the wmrk on the determination of casein, pre- 
sented below, it seems that very little, if any, casein is precipitated 
until 14.5 per cent of sodium sulfate has been added. Contamina- 
tion of the protein precipitated at the critical zone would appear 
to consist essentially of pseudoglobulin I. Preparations of the 
protein precipitated at 14.0 to 14.2 per cent retain their precipita- 
tion reactions at these percentages, they are precipitated by 
dialysis and are soluble in salt solution. It may be added that 
under the conditions of dialysis employed a rather large percentage 
of salt-insoluble protein was obtained which was difEcultly soluble 
in dilute acid or alkali in the cold. 

In the case of colostrum it was not possible to verify the assump- 
tion that the protein precipitated at 14.0 to 14.2 per cent of sodium 
sulfate was euglobulin, as was done in the case of blood by the use 
of other precipitants such as carbon dioxide and saturated sodium 
chloride, since both euglobulin and casein are, in part at least, 
precipitated by carbon dioxide or saturated sodium chloride. 
Data obtained by the use of saturated sodium chloride agree 
approximately with the sum of the euglobulin nitrogen and the 
casein nitrogen. In Table II are given results for euglobulin 
obtained by subtracting the casein nitrogen from the nitrogen 
precipitated by satm’ated sodium chloride. Carbon dioxide as a 
precipitant of euglobulin plus casein gave rather variable results. 
From diluted milk casein is completely precipitated. With colos- 
trum carbon dioxide apparently precipitated casein and sometimes 
euglobulin, at least the analytical results agree with those obtained 
either by acetic acid precipitation or by sodium chloride precipita- 
tion. It was thought that possibly by removal of the calcium with 

2 In the case of blood the limits were given as 13.5 to 14.5 per cent of 
sodium sulfate. From the work here presented and subsequent work on 
biood^we wouid suggest 14.2 per cent of sodium sulfate as best single con- 
centration to use ; such a concentration represents an approximately molar 
solution of sodium sulfate. 
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an oxalate or citrate consistent results could be obtained, but 
without success.^ 

The Presence of Critical Zones for Colostrum at 174 io 184 and 
at 21 to 22 Per Cent of Sodium Sulfate, — second critical zone is 
evident for both colostrum and milk at approximately 17.4 to 
18.4 per cent of sodium sulfate. At these concentrations, reason- 
ing by analogy with blood and from data obtained with milk and 
purified solutions of casein, pseudoglobulin I and casein are com- 
pletely precipitated. Preparations of casein are precipitated com- 
pletely at 18.0 per cent of sodium sulfate and dialyzed preparations 
of pseudoglobulin I are precipitated at 17.4 per cent of sodium 
sulfate. 

Data obtained by fractioning the neutralized filtrate from colos- 
trum after the precipitation of casein with acetic acid give a critical 
zone at 16.4 to 17.4 per cent of sodium sulfate, corresponding with 
the zone obtained in blood. Casein, however, appears to require 
a slightly higher concentration of sodium sulfate, 18.0 per cent, to 
insure complete precipitation under all conditions. To accept 
18.0 or 18,4 per cent of sodium sulfate as the concentration which 
represents the completion of precipitation of casein and pseudo- 
globulin I tends to introduce an added element of error in the 
pseudoglobulin II determination. Experiments in which the 
casein has been removed before precipitation with sodium sulfate 
indicate that the error for pseudoglobulin II introduced at 18.0 or 
18.4 per cent is relatively small. 

A third critical zone at 21 to 22 per cent of sodium sulfate is 
present in colostrum and milk. The difference between the results 
obtained at 18.4 and 21.5 per cent of sodium sulfate is usually 
small, it is practically negligible in the case of milk. The addition 
of saturated sodium sulfate at 37°C. to colostrum precipitates all 
of the proteins; 30 parts of saturated sodium sulfate to 1 part of 
colostrum are sufficient. 

® In the course of experiments dealing with the precipitation of proteins 
with carbon dioxide it was noted that the addition of potassium oxalate 
caused the opacity of the solution to disappear, due to the removal of the 
calcium, A similar phenomenon was observed with sodium citrate (Brown, 
J. H., and Howe, P. E,, Proc. Bact. Boc,, 1921); also with sodium sulfate 
and magnesium sulfate. The addition of calcium chloride causes the 
opacity to return. This change in appearance has not been commented 
upon so far as we can find, it must certainly have been observed when 
citrating milk for infants. 
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From the results presented and observations made in the course 
of the work which can be considered as contribiitary evidence it 
appears that colostrum may be subdivided by fractionation with 
sodium sulfate into four protein groups, euglobulin, pseudoglob- 
ulin I and casein, pseudoglobulin II, and albumin. Non-protein 
nitrogen is present in the filtrate from precipitation with saturated 
sodium sulfate or trichloroacetic acid. 

Determination of Casein in Colostrum , — In the determination of 
the proteins of colostrum the estimation of casein presents certain 
difficulties and at the same time complicates the estimation of the 
other proteins. Casein is precipitated by concentrations of salts 
which also precipitate one or both of the pseudoglobulins ; saturated 
magnesium sulfate, ammonium sulfate, precipitation limits 2.2 to 
3.6 saturation (13) and sodium sulfate, precipitation limits 16 to 
18.4 per cent. On the other hand precipitation with acids, the 
characteristic property of casein, is a property of euglobulin and 
saturation with sodium chloride is a property of these two proteins. 

In the work of Crowther and Raistrick and of Dudley and 
Woodman the procedures adopted for the separation of casein, 
direct precipitation with acetic acid or alum, may or may not suc- 
ceed according to the quantity of acid or alum added.- In case 
sufficient acid or alum is added to redissolve the euglobulin which 
is precipitated at low concentrations of these substances separation 
is essentially complete. The addition of either precipitant to 
colostrum to the point of ready flocculation does not, however, 
insure the complete precipitation of casein or the complete solution 
of euglobulin. A clear supernatant fluid is generally the best 
evidence of complete precipitation of casein but this has not al- 
ways been so in our work. The isoelectric point of euglobulin is 
pH 5.52 (14) and for casein pH 4.4 (15). The point of maximal 
insolubility has been shown to be at or close to the isoelectric 
point. From original mixtures of proteins precipitation may occur 
at a hydrion concentration slightly removed from the isoelectric 
point. Hardy (16) has shown that euglobulin is dissolved at a 
point at which methyl orange is slightly pink, which represents 
a hydrion concentration of between pH 4 to 5. We can assume, 
therefore, that recently precipitated euglobulin will be practically 
dissolved by acid at the isoelectric point of casein. When acidify- 
ing with acid to precipitate casein it is desirable to carry the re- 
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TABLE ll-Data Showing ihe Efect of Acidification and the Addition of Sodium 



Sample A. 

Sample B. 

Sample C. 

Sample D. 

N precipitated. 

Filtrate N after 
acidification. 

N precipitated 
by acetic acid. 

N precipitated. 

Filtrate IST after 
acidification. 

N piccipitated 
by acetic acid. 

N precipitated. 

^ . 

OJ 0 

^ c 

II 

ISr precipitated 
by acetic acid. 

% 

‘o 

Filtrate IsT^ after 
acidification. 

ISr precipitated 
by acetic acid 

Total N 

1.199 



2.016 



2.365 



2.504 



Alum 

0.578t 



0.677t 



1.053t 



0.87ot 



Acetic acid 

0.573t 



0.668t 



1.072t 



0.866t 



NaCl, saturated.... 

0.876 



1.525 



1.717 



1.664 



Euglobulin, calcii- 













lated from NaCl 













precipitation 

0.300 



0.847 



0.651 



0.811 



Na-SOj 













. 12.5 per cent 













13.5 “ “ 

0.215 

0.35S 

0.619t 

0.592 

0.751 

0.673t 

0.356 

0.925 

1.0S4t 

0.559 

1.084 

0.861t 

14.0 “ “ 

0.254 

0.354 

0.584t 

0.692 

0.772 

0.657t 

0.394 

0.909 

1.062t 

0.853 

0.793 

0.858t 

14 2 “ 

0.258 

0.358 

0.576t 

0.745 

0.593 

0.678t 

0.416 

0.883 

1.066t 

0.892 

0.759 

0.853t 

14.5 « 

0.284 

0.345 

0.563t 

0.865 

0.520 

0.630t 

0.536 

0.751 

l,078t 

1.007 

0.644 

0.853t 

17.4 “ “ 

0.778 

0.172 

0.242 

1.581 



1.491 

0.384 

0.490 

1.873 



18.4 « 

0.893 

0.175 

0.124 

1.700 



1.911 

0.273 

0.171 

2.052 



21.5 “ 

0.991 

0.154 

0.047 

1.773 



2.083 

0.273 

0.009 

2.188 



Albumin N -f 













non-protein N... 

0.201 



0.243 



0.282 



0.316 



Non-protein N 




0.081 



0.154 



0.073 



Euglobulin 

0,258 



0.745 



0.416 



0.892 



Casein... 

0.576 



0.678 



1.066 



0.853 



Pseudoglobulin 1... 

0.159 



0.277 



0,429 



0.307 



II.. 

0.098 



0.073 



0.172 



0.136 



Albumin 




0.1C2 



0.128 



0.243 




* Results are expressed as grams of nitrogen in 100 cc. of centrifuged colostrum. 

Columns headed ‘Tiltrate iSf after acidification” refer to nitrogen in the filtrate from the 
original precipitation. “N precipitated by acetic acid (or alum)” refer to the nitrogen precipi- 
tated from the filtrate from the original sodium sulfate precipitation by the addition of acetic 
acid (or alum). 

t Values to be compared with regard to precipitation of casein with acid or alum directly 
from diluted colostrum and after removal, or partial removal, of euglobulin with sodium sulfate. 
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Sample E. 

Sample P. 

Sample G 

Sample H. 


o . ^ ^ 


i 6 1 B.4 

^ 

c 

d 0 2 *5.3 S 

3 

i rtS 

is 1 S 'So Si 


o« .&g cjftss 

1 zf 

.rr* tisi 

I’l i 1 

.■s-i .-S Za .ti-J 

•C y ! o SS ‘S 2 

0 

u 

H '"'jj! Cj CJ '•** 

si Oj S a> o..a 

? CJTI 

a ;S 3 

^ « 1 o cjrs 

' b. 

SJ cl j O S’73 O « 

ft^ 1 ft ftrt 

z 

^ Z 

Z % 

!2: 1 ^ 

Z \ Z Z 

2.819 


3.116 

b.ll9 

b.213 

L343t 


0.8321 

l.liot 

0.911t 

0.8611 


0.843t 

l.liot 

|1.015t 

2.086 



|2.031 

2.340 

1.305 



1.009 

|L6S8 



0.728 1.092 

1.282 0.662 1.403 

1.0541; 

0.746 

1.224 |0.849t 1.224 0.849 tL175 1.092 

0.S49til.020 1.0701.02911.363 1.1730.6771 

0.925 

1.113 0.781t 1.105 b.7S9t 

1.184 1.092 

0.84011.063 1.036 

1.02011.684 0.9340.6361 

1.129 

0.964 b.726t 0.939 b.751tl.619 0.708 

0.789fl.200 0.897 

1.022f:i.776 0.785 0.652t 

1.160 

0.862 0.797t 0.866 0.793f 

1.999 0,529 

0.588 1.285 0.853 

0.981 2.049 0.691 0.473 

2.239 

0.316 0.274 0.418 0.162 

2.707 0.303 

0.106 2.407 0.499 

0.213 2.684 0.435 0.094 

2.422 

0.303 0.094 0.307 0,090 

2.711 0.273 

0.132 

2.736 0.3840.093 

2.474 

0.277 0.068 0.273 0.072 

2.813 0.196 

0.107 2.671 0.119 

0.329 2.802 0.260 0.141 

0.345 


0.303 

0.448 

0.401 



0.124 

0.171 

0.171 

1.129 


1.184 

1.200 

1.776 

0.781 


0.840 

1.022 

0.652 

0.505 


0.677 


0.308 

0.032 


0.102 


0.066 



0.179 

0.277 

'i0.230 
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action approximately to the isoelectric point of casein. A ready 
means of doing this is no‘t available since, in addition to the opacity 
of the colostrum, the indicators which can be used do not show 
sharp color changes at the desired range of hydrion concentrations. 
Reasonably satisfactory results have, however, been obtained with 
methyl orange. 

The practical difficulty in the separation of casein from the other 
proteins of colostrum is, then, the means of knowing when suffi- 
cient acid or alum has been added to precipitate and redissolve 
the euglobulin^ without creating an excess of precipitant which 
will redissolve the casein. This difficulty is increased in the case of 
colostrum because of the variable concentration of protein which 
prevents the possible predetermination of the amount of acid or 
alum which will produce the desired result such as has been deter- 
mined for milk. Another factor is introduced when using small 
amounts of colostrmn for analysis in that it is desirable to add the 
acid or alum in a rather concentrated form in order that the volume 
of the solution will not be increased appreciably. 

. As the result of experimentation with the direct precipitation of 
casein with acetic acid and alum the acceptance of data upon 
colostrum obtained in this way without other confirmation does 
not seem justified. The results presented show, however, that 
the direct precipitation of casein may be and usually is complete. 
Samples E and H, Table II, are examples of cases in which -it was. 
impossible to obtain consistent results by direct precipitation. 

The method finally adopted for the determination of casein is to 
precipitate it from solution by acidification with acid or alum after 
the euglobulin has been removed with sodium sulfate. The results 
of representative experiments are contained in Table IL The 
point to be emphasized with regard to casein from the data pro- 
sented is^that the quantity of protein precipitated with acetic acid, 
representing casein (similar results have been obtained with alum, 
Sample E), when added directly to diluted colostrmn or to the 
filtrate from colostrum precipitated at approximately 14.2 per 
cent of sodium sulfate is essentially the same. These data are 
indicated by a dagger (f) in the table. The amount of acetic acid 

^ It is possible to add a sufficient excess of either acid or alum such that 
there will not be a visible precipitation of euglobulin before solution takes 
place* 
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which must be added is less than that required for the original 
colostrum, as a routine procedure 3 drops of 10 per cent acetic acid 
have been found to be sufficient. 

Procedure for the Analysis of Colostrum . — The procedures adopted 
for the analysis of colostrum or milk are based on the considera- 
tions discussed above. Material precipitated by 14.2 per cent of 
sodium sulfatCj i.e, 14.2 gm. of sodium sulfate contained in 100 cc. 
of solution, is considered to be euglobulin; that precipitated at 
18.4 per cent of sodium sulfate is held to represent euglobulin, 
pseudoglobulin I, and casein; that at 21.5 per cent of sodium 
sulfate as precipitating pseudoglobulin II in addition to the pro- 
teins given for 18.4 per cent; the remainder of the nitrogen is con- 
sidered to be albumin and non-protein nitrogen'. Casein is deter- 
mined by acidification of the filtrate from the 14.2 per cent sodium 
sulfate precipitation. Non-protein nitrogen is determined by 
precipitation with trichloroacetic acid. 

For duplicate precipitations we suggest precipitation of euglob- 
ulin at 14.0 and 14.2 per cent of sodium sulfate. If, as sometimes 
happened, the values so obtained do not agree within reasonable 
limits, the value at 13.5 usually agrees with that at 14.0 per cent. 
The duplicate determinations also give two values for casein. As 
a check on the casein determination a direct precipitation can be 
made. Precipitations at 17.4 and 18.4 per cent usually agree but 
not always so, in general the results at 18.4 per cent have agreed 
with all other procedures. Instead of 21.5 per cent of sodium 
sulfate a pair of precipitations can be made with 21 and 22 per cent 
of sodium sulfate. For very viscous samples of colostrum the 
sample can be weighed out and diluted with 1 per cent sodium 
sulfate and then weighed amounts of sodium sulfate added to ali- 
quot portions; this procedure requires correction to volume, if the 
results are to be expressed on the volume basis. 

The details of the procedure are as follows: .1-0 cc. portions of 
centrifuged colostrum are measured into large test-tubes and 30 cc. 
of the required concentration of sodium sulfate added. The fol- 
lowing concentrations of sodium sulfate are prepared, 14, 14.5, 
14.65, and 15 per cent sodium sulfate for 13.5, 14.0, 14.2, and 14.5 
per cent of sodium sulfate, final concentrations, respectively, when 
added to colostrum for use at the euglobulin zone; 18 and 19 per 
cent for 17.4 and 18.4 per cent of sodium sulfate, respectively, at 
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the end of the pseud oglobulin I precipitation; and 21.7, 22.2, and 
22.7 per cent for 21, 21.5, and 22 per cent of sodium sulfate, respec- 
tively, for precipitation of the total globulins. 5 per cent tri- 
chloroacetic acid is used for the complete precipitation of proteins 
ill the non-protein nitrogen determination. For the determina- 
tion of casein, 3 drops of 10 per cerit acetic acid are added to the 
filtrate from the sodium sulfate precipitations at the euglobulin 
critical zone and after the precipitate has settled the solution is 
filtered and the nitrogen content of the filtrate is determined. The 
precipitations, with the exception of the trichloroacetic acid pre- 
cipitation, must be carried out at 34°C., or incubator temperature. 
The test-tubes are stoppered and permitted to stand until the pre- 
cipitate has settled, and then filtered. We usually shake up a 
precipitate after it has settled and allow it to settle once more. 
Filtrations are conducted into other test-tubes on a dry filter and 
the funnels are covered with watch-glasses. 5 cc. portions of the 
filtrates are taken for analysis by the Kjeldahl procedure. 

The following calculations can be made : 


Total N, determined directly. 


Euglobulin N 
Casein N (1) 

Casein N (2) 

Casein N + pseudo- 
globulin I N 

Pseudoglobulin I N 
Pseudoglobulin II N 

Albumin N 
Non-protein N 


= Total N — N in filtrate from precipita- 
tion with 14.2 per cent sodium sulfate. 

= N in filtrate from 14.2 per cent sodium 
sulfate — N in filtrate after acidifi- 
cation. 

= Total N — N in filtrate after acidifi- 
cation with acetic acid. 

= N in filtrate from precipitation with 
14.2 per cent of sodium sulfate — N 
in filtrate after precipitation with 18.4 
per cent sodium sulfate. 

= N found for casein + pseudoglobuiiii 
I — casein N. 

= N in filtrate from precipitation with 

18.4 per cent sodium sulfate — N in 
filtrate from j)recipitation with 21.5 
per cent sodium sulfate. 

= N in filtrate from precipitation with 

21.5 per cent sodium sulfate — non- 
protein N. 

== N in filtrate from precipitation with 
5 per cent trichloroacetic acid. 
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It will be noticed that there are but two direct determinations, 
total nitrogen and non-protein nitrogen; the other determinations 
depend upon analysis of the filtrate after precipitation and the 
calculation of the protein precipitated by subtraction. The errors 
of such methods are appreciated but the procedures outlined seem 
most nearly to meet the requirements for the differential deter- 
mination of the proteins of colostrum. 

DISCUSSIOiN’. 

Data have been presented which indicate that there are con- 
secutive concentrations of sodium sulfate which, when added to 
diluted colostrum or milk, do not cause a marked increase in the 
quantity of protein precipitated and define a critical zone, and that 
on either side of such a zone a small variation in the quantity of 
sodium sulfate added results in a relatively large difference in the 
quantity of protein precipitated. Critical zones are at 14.0 to 
14.2, 18.0 to 18.4, and 21 to 22 per cent of sodium sulfate. Similar 
zones have been obtained in the neutralized filtrates of colos- 
trum from which the casein has been removed with acetic 
acid. Casein is not precipitated by 14.0 to 14.2 per cent of sodium 
sulfate but is precipitated by 18.0 to 18.4 per cent sodium sulfate; 
it is also precipitated by acidification of the diluted colostrum with 
acetic acid or alum or by the acidification of the filtrate from a pre- 
cipitation with sodium sulfate. If the sodium sulfate precipi- 
tation be made at a concentration less than 14.5 per cent the 
casein can be recovered completely by subsequent acidification of 
the filtrate. 

As the result of the above observations it is suggested that there 
exists a basis for the quantitative determination of the various pro- 
teins of colostrum or milk. The material separated at the various 
concentrations of sodium sulfate when added to colostrum in the 
proportion of 31 : 1 is considered to consist of the following proteins 
or mixtures of proteins: (a) at 14.0 to 14.2 per cent of sodium 
sulfate, euglobulin; (b) at 18.0 to 18.4 per cent of sodium sulfate, 
euglobulin, pseudoglobulin I, and casein; and (c) at 21 to 22 per 
cent of sodium suKate, euglobulin, pseudoglobulin I and II, and 
casein. 

With the values for casein and non-protein nitrogen determined 
independently we are, then, able to calculate the quantities of the 
various proteins present in colostrum. 
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It is necessary to consider the justification for the assignment 
of names to the proteins of colostrum, with the exception of casein, 
which are used to designate the proteins of blood. 

EuglohuUn , — The evidence for considering protein precipitated 
up to and including 14.5 per cent of sodium sulfate in blood as con- 
sisting essentially of euglobulin has been presented (11). Similar 
precipitation limits of a protein in colostrum even though the re- 
action be slightly different may be taken as presumptive evidence 
of identity. The following facts tend to support this presumption : 
(a) precipitation reactions of the purified protein; precipitation by 
dialysis and by acidification; (b) the proof offered by Crowther and 
Raistrick, Dudley and Woodman, and Woodman which indicates 
that the euglobulin of serum and of the colostrum of the cow are 
identical. These authors support the contention of Chick (17) and 
Hartley (18) that the protein portion of euglobulin and pseudo- 
globulin is identical. Chick suggests that euglobulin may be a 
mechanical complex of a lipoid and pseudoglobulin. The proof 
with regard to the identity of the protein portion of euglobulin and 
pseudoglobulin as far as the yield of amino-acids and the rate of 
racemization are concerned is convincing; we still lack the biolog- 
ical proof, anaphylactic reaction, of the identity of these two 
fractions such as has been furnished by Wells and Osborne (19) 
for the individuality of casein, albumin, globulin, and the alcohol- 
soluble protein of milk. In the work of Wells and Osborne no 
attempt was made to distinguish between pseudoglobulin and 
euglobulin of milk, which would be difficult considering the small 
quantities of globulin present. Osborne (20) did find phosphatide 
phosphorus present in the globulin fraction. The relatively large 
percentage of phosphorus present would suggest that the globulin 
was euglobulin or a mixture of euglobulin and pseudoglobulin. 
The limited experience which we have had with milk suggests 
that euglobulin is sometimes present and in other samples of milk 
it is practically absent. 

From the facts in hand we believe that there is sufficient justi- 
fication for the assumption that the protein precipitated at 14.0 
to 14,2 per cefit of sodiUm sulfate consists essentially of a protein, 
or protein complex, usually designated as euglobulin and that the 
euglobulin of colostrum is the same as tlmt of biopd. 

PseudoghbtiUn L — The evidence for 'Oonsider&gl-the protein'pre- 
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cipitated between 14.2 and 18.4 per cent of sodium sulfate as con- 
sisting essentially of casein and pseudoglobulin I is based upon our 
results and that of the same group of investigators mentioned 
above. The distinction between two pseudoglobulins is based 
largely on our work. Supporting evidence of Crowther and 
Raistrick, Dudley and Woodman, and Woodman relates to frac- 
tions which would include both of the pseudoglobulins. Here as 
wuth euglobulin it was found that the pseudoglobulin of colostrum 
had the same characteristics as that of blood. The question of the 
identity of pseudoglobulin and euglobulin must be considered here 
also. 

Casein , — ^The presence of casein in the fraction precipitated be- 
tween 14.2 and 18.4 per cent of sodium sulfate must rest upon 
results presented in our experimental work and that of Storch; 
that the material is casein is indicated by the purified product 
which is precipitated by acids and coagulated by rennin in the 
presence of added calcium salts. 

Pseudoglobulin II , — The fraction between 18.4 and 21 to 22 per 
cent of sodium sulfate does not have any supporting evidence except 
that presented in connection with this work and the work on blood. 
That we are dealing with a distinct protein rest’s on a rather meager 
basis at present. In colostrum or in blood there is very little of 
this protein present. The evidence is, however, such that we feel 
that the fraction should be retained as a probable entity until 
proof can be presented showing that it is not a particular protein. 

Albumin of colostrum and milk has been shown to be chemically 
different (2, 3, 4) and the albumin of milk to be biologically dif- 
ferent (19) from the albumin of blood. The albumin of colostrum 
and milk should, therefore, be designated lacto-albumin. Data 
obtained with new-born calves (unpublished) indicate that there is 
not an increase in the albumin content of the blood at the same 
time as the increase in the globulins occurs. The increase in 
albumin which does occur later is a gradual one, suggesting the 
formation or accumulation of albumin by the calf. 

SUMMARY, 

A basis for the differential estimation of the proteins of colos- 
trum and milk has been presented, and a procedure for the analy- 
sis of colostrum suggested. 
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(From the Biochemical Laboratory , New York Agricultural Experiment 
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INTRODUCTION, 

The following investigation was undertaken in order to obtain 
some information regarding changes that may occur in the metab- 
olism or variations in the respiratory exchange of poultry dur- 
ing vitamine starvation. With the expression vitamine starva- 
tion we understand the condition produced by feeding polished 
rice previous to the appearance of polyneuritis. Chickens were 
chosen as the experimental animals because they have a high 
metabolism and in common with other birds they are subject to 
polyneuritis when fed a diet consisting of polished rice. 

We discovered after completing the experimental work de- 
scribed in this paper that Abderhalden (1) had published a series 
of papers dealing with the effect of a diet of polished rice on 
pigeons. The above author had measured the carbon dioxide 
output of the experimental animals and the results are in sub- 
stantial agreement with our observations on poultry. 

Methods, 

In studying the respiratory exchange, we used a small respira- 
tion apparatus which was an exact duplicate of the one de- 
scribed by Murlin (2). 

Careful examination was always made before each experiment 
to determine whether the apparatus was air-tight. Small leaks 
very frequently developed and much time was consumed in 
finding and repairing them. Many experiments were lost for 
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the reason that leaks occurred during the period of observation. 
Alcohol checks were frequently made as part of the routine. No 
animal experiments were included in our results unless we were 
perfectly certain that the apparatus was tight. 

We did not test the residual air in the apparatus for combus- 
tible gases. The experiments described by Regnault and Reiset 
(3) in which chickens were used showed that hydrogen or hydro- 
carbons generally were not formed or if present the quantity was 
very small. In determining the respiratory quotient of fatten- 
ing geese Bleibtreu (4) never found any combustible gases in 
the apparatus. If any such gases are formed in the digestive 
tract of chickens the quantity is apparently too small to affect 
materially our results. 

During the periods of observation covered by these experi- 
ments the chickens were confined in individual cages in the labora- 
tory. The cages were conveniently arranged for cleaning and 
for the collection of the excreta. The food was placed before the 
chickens in separate small containers, arranged so as to prevent 
food particles being scattered and mixed with the excreta. 

The excreta, the mixed feces and urine, were collected in 
24 hour periods and dried at a temperature of 60*^0. It was then 
powdered and preserved in glass-stoppered bottles for analysis. 

We did not make any temperature observations in our experi- 
mental animals. The investigations of Eijkman (5), Abderhaldeu 
(6), and Novaro (7) have shown that the temperature of poultry 
and pigeons always falls a few degrees during vitamine starvation. 

Plan of Experiments. 

1. Normal Basal Metabolism. — The basal metabolism was de- 
termined while the chickens were receiving a ration consisting of 
grain and mash, which is used in the poultry department of this 
Station. The experiments in the respiration apparatus were 
always made in duplicate, the periods usually varying from 60 to 
90 minutes each, depending upon the size of the animal. The 
observations were made from 18 to 20 hours after food had been 
received. The periods of observation were only begun after the 
chickens had been in the apparatus from 1 to 1| hours. 

Metabolism during Digestion of Grain and MasJi.—Tilcie 
chickens, having had a liberal quantity of mash before them during 
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the previous 24 hours, were given in the morning the day^s allow- 
ance of grain and as soon as this was consumed they were placed in 
the respiration apparatus. The experiments covered the time 
from the 2nd to the 6th hour of digestion. 

S. Metabolism during Digestion of Rice, — These experiments 
were made in the early part of the rice diet period. The chickens 
had fasted about 16 hours or from about 4 o’clock in the after- 
noon until the following morning, when they were allowed to 
consume as much polished rice as they could eat. Sometimes it 
was necessary to resort to forcible feeding. The respiratory 
exchange was determined from the 2nd to the 6th hour of 
digestion. 

4 , Metabolism during Vitamine Starvation, — A series of experi- 
ments was made to determine the respiratory exchange from 
18 to 20 hours after feeding rice. Owing to the gradual decline 
in the intensity of the metabolism, it was generally found neces- 
sary during the last 2 weeks of the rice diet to increase the length 
of the periods of observation to 90 or even 120 minutes each. 

This period of exclusive rice diet, which lasted about 6 weeks, 
we call the period of vitamine starvation. In comparison with 
the normal basal metabolism it might also be called the basal 
metabolism on a rice diet. Towards the end and just before poly- 
neuritis became evident, the crop nearly always contained some 
undigested rice. In fact the period of vitamine starvation can- 
not be sharply separated from that of polyneuritis. The only way 
in which we differentiated the two conditions was the appearance 
of paralysis. When the animal showed evidence of paralysis we 
classed it as polyneuritic. This is not a strictly true or entirely 
just definition for the animals undoubtedly had polyneuritis 
sometime before the disease had progressed so far as to cause 
paralysis. 

0 . Metabolism during Polyneuritis, — ^As many experiments as 
possible were made to determine the gaseous metabolism of the 
polyneuritic animals. Unfortxmately it so happened that the 
apparatus gave us much trouble at this most critical time and 
frequently small leaks developed which ruined many of our ex- 
perimental periods. In some cases we were able to secure only 
one or two successful experiments. 
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6, Mdabolis'ni after Recovery from Polymiiritis. — We were able 
to secure data regarding the metabolism after recovery from poly“ 
neuritis only with Hen 4. This hen had lost nearly 400 gm. in 
weight during 43 days on the rice diet. The administration of an 
extract prepared from yeast caused a prompt relief of the symp- 
toms of paralysis in this animal. During the first 2 weeks after 
recovery the appetite was very poor and only from 15 to 20 gm. 
of grain were consumed daily. After that time the appetite im- 
proved more rapidly but the gain in weight was very slow. At 
the end of 1 week the hen had gained 20 gm., in 2 weeks 45 gm., 
ill 3 weeks 95 gm., in 4 weeks 160 gm., and in 6 weeks the gain in 
weight was only 260 gm. In spite of the low food consumption, 
the metabolism and heat production were practically normal 1 
week after recovery as w^iil be noticed by referring to the data 
regarding Hen 4. 

Ration, 

The normal ration consisted of from 20 to 40 gm. each of corn 
and wheat per day according to the size of the animal. The grain 
was supplemented by a mash mixture which contained wheat 
middlings, wheat bran, ground oats, corn-meal, bone meal, blood 
meal, and meat meal together with a small quantity of sodium 
chloride. The chickens were allowed as much mash as they 
could eat but the consumption of this material varied greatly from 
day to day. Sometimes only a few grams and again more than 
50 gm. per day were consumed. 

Ample supplies of broken oyster shell and grit and fresh water 
were always before the animals thi’oughout the experimental 
period. 

During the rice diet ordinary polished rice of the best commercial 
quality was used. 

Effect of Vitamine Starvation and Polyneuritis. 

The first apparent effect on the chickens in vitamine starvation 
was a loss of appetite, the food consumption falling gradually 
until the polished rice w^as entirely refused. Egg production 
ceased immediately when rice was fed. There was a continuous 
loss in weight and in about 6 weeks active symptoms of poly- 
neuritis appeared. 
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While on the rice diet all of the chickens developed what 
seemed to be, more or less severe diarrhea. There were copious 
liquid discharges which contained much slimy green and white 
material. 

We observed in our experimental animals decided individual 
variations, not only in regard to the voluntary consimiption of 
polished rice, but in the amount of rice which they were able to 
digest and assimilate. These variations are indicated in Table L 
When the chickens ceased to consume rice voluntarily they 
were forcibly fed such quantities of rice as they were able to 
digest and assimilate during the next 24 hours. The quantity so 


TABLE I. 

Rice ConsumfUon during Vitamine Starvation, 


Hen 

1 

2 

3 

4 

5 

6 

Number of days when rice was vol- 







iintarilv consumed 

3 

6 

29 

27 

20 1 

i 

17 

Total amount of rice consumed, 





gm. 

1,530 

2,947 

1,319 

1,525 

867 

695 

Bice consumed per day, g^n 

26 

55 

30 

35 

21.6 

17 

Number of days on exclusive rice 







diet required for development 







of complete parab’sis 

44 

41 

43 

43 

38 

38 


fed varied from 75 to 25 gm. per day. If the crop contained much 
undigested rice on the day following forcible feeding we waited 
until the crop was nearly empty before additional food was given. 

Despite the greatly varying quantities of rice which were con- 
sumed by these hens there was very little difference in the time 
required for the appearance of polyneuritis. Hen 2 consumed 
4| times more rice than Hen 6, but there were only 3 days differ- 
ence in time in the development of paralysis. The time required 
on a diet of polished rice for the appearance of symptoms of paral- 
ysis varied from 38 to 44 days. A da3^ or two before paralysis set 
in there was observed a weakness in the legs and sluggish and 
uncertain bodily movements. These symptoms increased rapidly 
in severity and in the course of a day or two the animals became 
unable to perform any coordinated muscular movements. When 
disturbed severe convulsions or muscular spasms occurred, particu- 
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larly in the wings and neck, the head being draTO sharply back 
between the wings. In this condition the animals presented a 
strange picture of complete physical incapacity. 

All of the chickens lost much weight while on the rice diet 
and during pobmeuritis the weight was reduced to the lowest 
point. It was somewhat surprising, therefore, on postmortem 
examination to find that the animals were well covered with fat. 
In fact the abdominal cavity contained a normal amount of fat. 
The visceral organs were apparently normal in appearance, the 
only exceptions noted were that the muscles of the heart, kidneys, 
and gizzard were slightly softer than in normal birds. The 
gizzard contained undigested rice, pieces of oyster shell, and gritty 
particles. 

Respiratory Exchange of Chickens under Normal Conditions in 
Comparison with Vita7nme Starvation and Polyneuritis. 

The average of all the experiments is given in Table II. The 
data show the carbon dioxide excretion, the oxygen consumption, 
the respiratory quotient, and heat production of chickens on a 
normal ration as well as on an exclusive rice diet. 

The heat production naturally depended largely upon the 
muscular activity of the animals during the period of observation. 
In some experiments the animals were very restless and were 
almost constantly moving. During some of the experiments 
the animals were comparatively quiet but at no time were they 
perfectly quiet throughout the whole period. The degree of 
muscular activity or restlessness could not be recorded because we 
were unable to obtain the required pneumograph and other re-* 
cording appliances. 

While none of the chickens was entirely quiet during any ex- 
perimental period, it must be borne in mind that their muscular 
activity was much lower than normal. The door of the respira- 
tion apparatus was covered by a black cloth and naturally the 
movements of the chickens in the completely darkened chamber 
were less pronounced than when they were moving about in their 
cages in full daylight. 

During the basal metabolism the animals were generally restless. 
The heat production varied by as much as 2 calories per hour 
in different experiments with the same hen. The value found for 
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TABLE II. 

Showing Carbon Dioxide Excretion and Oxygen Consumption with the Res- 
piratory Quotient and Heat Production of Chichens wider Normal 
Conditions in Comparison loith Vitamine Starvation and 
Polyneuritis * 


Hen I 1 I 2 3 I 4 I 5 6 

Normal basal metabolism about 18 hours after food. 

GO^^gm.perhr 2.697 2.581 1.748 1.615 1.720 1.767 

O.^.gm.perhr 2.554 2.428 1.607 1.344 1.476 1.631 

K. Q 0.77 0.77 0.79 0.87 0.84 0.79 . 

Calories per hr 8.38 7.95 5.36 4.59 5.05 5.45 

Weight of hen, pw 2,610 2,850 1,710 1,700 1,670 1,715 

Metabolism during normal digestion of grain and mash. 

CQ 2 , gni. per hr '.... 3.997 4.741 2.649 2.159 2.345 2.263 

0^1, gm, per hr 2.807 3.161 1.865 1.579 1.752 1.632 

R. Q 1.04 1.09 1.03 0.99 0.97 1.01 

Calories per hr 9.81 11.15 6.59 5.56 6.14 5.73 

Weight of hen, gfm 2,665 2,960 1,715 1,700 1,797 1,665 

Metabolism during digestion of polished rice. 

002,gm.peThr 2.731.3.306 2.266 1.812 2.624 2.536 

O^^gm.perhr 2.076 2.328 1.426 1.252 1.870 1.729 

R. Q 0.97 1.03 1.18 1.05 1.01 1.07 

Calories per hr 7.18 8.18 5.01 4.42 6.53 6.10 

Weight of hen, gm 2, 356 2, 657 1, 716 1, 680 1, 795 1, 685 

Metabolism during vitamine starvation. 

Q02,gm,peThr 1.746 2.222 0.798 0.863 1.052 0.987 

0'2,gm.perhr 1.618 1.999 0.791 0.842 1.020 0.949 

R. Q 0.79 0.82 0.73 0.74 0.75 0.76 

Calories per hr 5.36 6.68 2.61 2.78 3.38 3.15 

Weight of hen, gm 2, 221 2, 530 1, 465 1, 377 1, 451 1, 265 

Metabolism during polyneuritis. 

CO 2 , pm. per Ar 1.267 1.782 0.831 1.010 0.856 0.856 

Ot.gm.perhr 1.232 1.773 0.848 0,978 0.808 0.804 

R. Q 0.75 0.73 0.71 0.75 0.77 0.77 

Calories per hr 4,07 5.81 2.79 3.24 2.69 2.67 

Weight of hen, pm..... 1,94^1 2,330 1,397 1,305 1,256 1,121 


*The figures represent the average value of all experiments. 
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the basal heat production is, therefore, considerably higher than 
the true resting metabolism. 

It was noticed during the digestion of grain and rice that the 
animals were more quiet as a rule than when the basal metabolism 
was determined. 

Diming vitamine starvation Hens 2, 5, and 6 were more restless 
than the others and this condition is reflected in their higher heat 
production. 

As has been mentioned previously the animals were subject 
to frequent convulsive movements or muscular spasms during 
polyneuritis. For this reason the heat production was sometimes 
k%her during polyneuritis than in the more quiet periods just 
before paralysis set in. 

Our figures show that there was hardly any difference in the 
value of the respiratory quotient observed during vitamine star- 
vation as compared with the normal basal metabolism. Our 
results in this respect agree with those of Jansen and Mangkoe- 
winoto (8) but they differ from those reported by Ramoino (9). 

The abnormal^ low respiratory quotients obtained by Ramoino 
with pigeons fed polished rice were probably due to some leak in 
the apparatus. 

The decline in the intensity of the metabolism, due to loss of 
appetite and consequent reduction in food consumption and the 
gradually increasing inability to utilize the food, caused a continu- 
ous decrease in the heat production. Towards the end of the 
vitamine starvation period, the heat production in some cases had 
fallen 50 per cent below that of the basal metabolism. These 
observations are in agreement with the results published by 
Abderhalden (10) with respect to pigeons fed on polished rice. 

Calculation of the Non-Protein Respiratory Quotient and Heat 

Produciion. 

Since it is ordinarily impossible to determine the urinary 
nitrogen in birds, it is also impossible to calculate the absolute 
value for the non-protein respiratory quotient. In our experi- 
ments with Hens 1 and 2, the total nitrogen in the excreta was 
determined and the figures obtained were used in calculating 
the non-protein respiratory quotient. Unfortunately, this cal- 
culation involves an error because some of the excreted nitrogen 
came from the gut. 
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In the case of Hen 1, this error was small and could only affect 
the value for the heat production to a very slight degree. With 
Hen 2j however, this error is greater because after being on the 
rice diet for a few days this hen began to pick off and swallow her 
owm feathers. Evidently the feathers contained some substance 
which contributed to the ability of this hen to utilize polished 
rice because she was able to digest and assimilate about twice as 
much rice and her nitrogen excretion was, therefore, about two 
times greater than in Hen 1. 

Owing to the greater utilization of the food, this hen lost very 
much less in w^eight and the heat production w^as much higher 
during vitamine starvation and polyneuritis than in any of the 
other hens. In spite of the greater food consmnption and gen- 
erally higher metabolism, there w^as no delay in the onset of 
polyneuritis. 

The heat production of Hens 3, 4, 5, and 6 as given in Tables 
II and III, is only approximate because we were unable to analyze 
the excreta of these animals. The approximate heat production 
was calculated from the amount of oxygen consumed using the 
heat value per liter of oxygen as given in the Ziintz table (11) for 
the observed respiratory quotient. The error involved is not 
great. We found in the case of Hen 1 that the above mentioned 
error in calculating the heat production was never greater than 
0.15 calorie and frequently the difference was about 0.05 calorie 
per hour. The error may, therefore, amount to from 0.5 to 1.5 
per cent or 1.2 to 3.6 calories per 24 hours. This value is small 
in comparison with the variations in heat production due to differ- 
ent degrees of muscular activity or restlessness in these animals 
during the various experiments. The figm'es for the heat pro- 
duction of these hens, while not quite accurate, are included for the 
sake of comparison. 

MetahoUsm per Kilo per Hour, 

In Table III, the metabolism is calculated to the basis of kilo 
weight of animal per hour. The values obtained show decided 
variation but it could hardly be otherwise owing to the varying 
degrees of restlessness of the animals dm-ing different experi- 
mental periods. The average of all the experiments, with all the 
chickens gives the following values: 
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During: 

Calories per kilo 
per Lr. 

Basal metabolism. 

3.00 

Digestion of grain and mash 

3.55 

rice 

3.14 

Vitamine starvation 

2.27 

Polyneuritis 

2.26 



These figures indicate that there is but little difference in the 
metabolism and heat production during vitamine starvation and 
polyneuritis. Broadly speaking we may say that the observed 
heat production of chickens when calculated to the basis of 
kilo weight sinks from 3 calories during basal metabolism to 


TABLE III. 

Showing the Hourly Excretion of Carbon Dioxide, the Oxygen Consumption, 
and Heat Production Calculated per Kilo Weight of Chicken. 


Hen 

1 

2 

1 

3 

4 

5 

G 









Normal basal metabolism. 


CO 2 per kg, per hr., g77i 

1.032 

0.905 

1.022 

0.950 

1.032 

1.032 

O 2 per kg. per hr., gm 

0.978 

0.S51 

0.938 

0.790 

0.893 

0.951 

R. Q 

0.77 

0.77 

0.79 

0.87 

0.84 

0.79 

Calories per kg. per hr 

3.21 

2.78 

3.13 

2.70 

3.03 

3.18 


Metabolism during digestion of grain and mash. 


GO 2 per kg. per hr., gm..., 

1.497 

1.601 

1.544 

1.269 

1,304 

1.359 

O 2 per kg. per hr^ gm 

1.028 

1.068 

1.086 

0.928 

0.975 

0.980 

R. Q 

1.04 1 

1.09 

1,03 

0.99 

0.97 

1.01 

Calories per kg. per hr i 

3.66 i 

3.76 

3.84 i 

3.26 

3.36 

3.45 


Metabolism during digestion of polished rice. 


CO 2 per kg. per hr., pw.. 

1.146 

1.238 

1.315 

1.078 

1.462 

1.504 

O 2 per kg. per hr., gyn 

0.868 

0.872 

0.829 

0.745 

1.041 

1.026 

R. Q 

0.97 

1.03 

1.18 

1.05 

1.01 

1.07' 

Calories per kg. per hr 

3.03 

3.06 

2.88 

2.63 

3.63 

3.62 


Metabolism during vitamine starvation. 


CO 2 per kg. per hr., pm 

0.774 

0.876 

0.544 

0.628 

0.720 

0.781 

O 2 per kg. per hr. , gm 

0.716 

1 0.786 

0.539 

0.612 

0.703 

0.750 

R. "Q 

0.79 

0,82 

0.73 

0.74 

0.75 

0.76 

Calories per kg. per hr 

2.37 

2.63 

1.78 

2.02 

2.33 

2.49 
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TABLE in— Concluded. 


Hen 

1 

2 

i 

3 

4 

j 

1 

6 ' 

6 

Metabolism during polyneuritis. 

CO2 per kg- per hr., gm 1 

0.652 

0.764 

0.594 

0.773 

0,714 

0.762 

O2 per kg. per hr., gm 

0.634 

0.761 

0.606 

0.750 

0.642 

0.715 

R. Q 

0.75 

0.73 

0.71 

0.75 

1 0.77 

1 0.77 

Calories per kg. per hr 

2.09 

2.49 

1.99 

2.48 

2.13 

2.38 


about 2.25 calories per kilo per hour during vitamine starvation 
and polyneuritis. If the chickens had been entirely quiet these 
figures would be somewhat lower. 

Percentage Loss in Weight and Decline in Heat Production, 

In Table IV we have compiled the average weight and the 
calories produced per hour of the experimental animals during the 
normal basal metabolism in comparison with vitamine starvation 
and polyneuritis. The figures indicate great individual variations 
in the different birds. During vitamine starvation the loss in 

TABLE IV. 


Percentage Loss in Weight and Decline in Heat Production of the Experi- 
mental Animals, 


Hen. 

Normal basal. 

Vitamine starvation. 

Polyneuritis. 

Average. 

Average. ; 

Average. 

Weight. 

Calo- 

ries. 

Weight. 

Loss. 

Calo- 

ries. 

Loss. 

Weight. 

Loss. 

Calo- 

ries. 

Loss. 


gm. 


gm. 

percent 


percent 

gm. 

percent 


per cent 

1 

2, 610 

8.38 

2,221 

15 

5.36 

36 

1,944 

25 

4.07 

51 

2 

2, 850 

7,95 

2, 530 

11 

6.68 

14 

2, 330 

18 

5.81 

27 

3 

1,710 

5.36 

1,465 

14 

2.61 

61 

1,397 

19 

2.79 

48 

4 

1, 700 

4.59 

1, 377 

19 

2.78 

39 

1,305 

23 

3.24 

29 

5 

1, 670, 

5.05 

1, 451 

13 

3.38 

33 

1,256 

24 

2.69 

46 

6 

1 , 715 ! 

5.45 i 

1, 265 

26 

3.15 

42 

1, 121 

34 

2.67 

51 


weight varied from 11 to 26 per cent and the fall in the heat pro- 
duction varied from 14 to 51 per cent. In polyneuritis the loss 
in weight averaged from 18 to 34 per cent below the normal and 
the heat production had fallen from 27 to 51 per cent below the 
basal metabolism. 
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Hen 2, as already indicated, was able to utilize a greater amount 
of rice, evidently due to some stimulating effect of the feathers 
which she swallowed. For this reason, her loss in weight and 
the decline in heat production were much less than in the other 
birds. 

Hen 4 was in a state of almost constant muscular spasms dur- 
ing polyneuritis. Consequently, the heat production rose con- 
siderably above that in vitamine starvation. 

Protein Metabolism on an Exclusive Rice Diet, 

The polished rice supplied a sufficient quantity of protein 
to cover the requirements of the animals. The sparing action 
of carbohydrate on the protein metabolism probably accounts for 
the favorable protein balance during the rice diet. The protein 
intake was low but the amount of protein metabolized was slightly 
lower. It has been shown in the case of dogs that a vitainine- 
free diet does not affect the utilization of protein nitrogen in the 
alimentary tract (12). 

The data on the protein metabolism are given in Table V. 


TxVBLE V. 


J 

Hen. 

Excreted. 

Consumed. 

Number 
of days. 

Nitrogen. 

Protein. 

Rice. 

Protein. 

Protein 

balance. 



gm. 

gm. 

gm. 

per cent 

gm. 

gm. 

1 

49 

13.05 

81.56 

1 , 196 

8 

95.68 

+ 14.12 

2 

43 

27.69 

173.06 

2, 273 

8 

181.84 

+ 8.78 


Potassimn and Phosphorus Metabolism on an Exclusive Rice 

Diet 

The figures given in Table VI indicate that the requirements 
for potassium and phosphorus were very nearly supplied by the 
polished rice. The negative balance is small when we consider 
that the experimental period covered from 6 to 7 weeks. The 
excess of excretion over intake occurred during the last week or 
two of the experiment when the food consumption was extremely 
low. 

The present study throws no new light on the natm'e of the 
special dietary deficiency of polished rice. This subject has been 
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studied by McCollum and Davis (13) on growing rats. Their 
results are thus summarized by Sherman (14). 

^Tolished rice as a diet for growth was found to be deficient in four 
respects: (1) Its protein content seemed too low for maximum growth, 
(2) it contained inorganic elements in insufficient amounts and also not in 
proper proportions, (3) it was found deficient in fat soluble A, and (4) it 
lacked water soluble B.” 

The above authors found no evidence of any toxic principle in 
polished rice as suggested by Caspari and Moszkowski (15). 

As shown in our experiments, polyneuritis developed in prac- 
tically the same length of time irrespective of the quantity of 
rice that was consumed. In fact, the onset of polyneuritis was 
slightly delayed in those birds which consumed the larger quantity 
of rice. These results argue against the presence of any specially 
toxic principle in polished rice. 


TABLE VI. 


Hen. 

Excreted. 

Consumed, 

Balance. 

Num- 
her of 
days. 

Potas- 

sium. 

Phos- 

phorus. 

Rice. 

1 Potassium. 

Phosphorus. 

Potas- 

sium. 

Phos- 

phorus. 



gm. 

gm. 

gm. 

per cent 

gm. 

percent I 

gm. 

gm. 

gm. 

1 

49 

1.0359| 

0.9113 

1, 196 

0.07 

0.8372 

0.096| 

1.1482 

-0.1987 

+0.2369 

2 

43 

2.1724' 

2.7165 

2,273 

0.07 1 

1.5911 

0.096 

2.1821 

-0.5813 

-0.5344 


As indicated in Table V the rice supplied sufficient protein to 
cover the metabolic requirements of the birds and the data in 
Table VI show that the important elements of potassium and 
phosphorus were supplied in ample amounts as long as the animals 
were able to assimilate a quantity of rice sufficient to cover their 
food requirements. Evidently, therefore, the principal cause of 
the dietary deficiency of rice must besought in the lacking vitamine 
or vitamines. 

It is known that birds may be kept alive and apparently well 
for a long time on polished rice when a small quantity of yeast or 
yeast extract is added daily to the diet. The quantities of protein 
or mineral constituents contained in the' small amount of yeast 
necessary to prevent the development of polyneuritis would appear 
to be too insignificant to exert any material infliuence upon the 
metabolism. 
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The vitamine contained in the yeast furnishes some substance 
or substances which enables the animals to digest and assimilate 
an adequate quantity of rice to supply the bodily needs of energy. 
When these substances or vitamines are lacking the processes 
of oxidation connected with the utilization of food suffer a con- 
tinuous decline until with the appearance of polyneuritis, they 
practically cease. 

Metaholism after Recovery from Polyneuritis. 

The sudden rise in the heat production after recovery from 
polyneuritis is an interesting point which is worthy of further 
study. Hen 4 had lost 23 per cent in weight while on the rice 
diet and had suffered a reduction of 39 per cent in the heat pro- 
duction during vitamine starvation as compared with the normal 
basal. These figures are comparable with the results observed in 
human beings following undernutrition as discussed by Lusk 
(16). 

A single administration of yeast extract not only relieved the 
symptoms of polyneuritis but initiated an extremely active metab- 
olism. During the first 2 or 3 weeks after recovery, the food 
consumption was low and there was very little gain in weight. 
The heat production, however, of the emaciated organism was 
equal to that of the well nourished animal. 

sxjmjmary; 

1. The first apparent effect on poultry of a diet of polished 
rice is a loss of appetite, and food consumption decreases until 
finally the food is refused entirely. Loss in weight is gradual 
but continuous and a similar decline in heat production occurs. 

2. The fall in the intensity of the metabolism is coincident 
with the decrease in food consumption; but it depends upon some 
factors outside of mere voluntary consumption of food, because if 
the animals are forcibly fed, the utilization of such food is much 
dela3^ed. 

3. The continued lack in the diet of vitamine B evidently 
causes a serious impairment of the digestive functions which, 
during polyneuritis, results in a practical cessation of digestion and 
assimilation. 

4. In vitamine starvation there is no noticeable change in the 
respiratory quotient. During the first 3 or 4 hours after feeding 
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rice, quotients approaching or exceeding unity were observed un- 
til a short time before polyneuritis developed. About 18 hours 
after feeding rice the average respiratory quotients ranged from 
0.73 to 0.82. 

5. The most striking effect in vitamine starvation is the inability 
of the animals to utilize a normal quantity of food and the con- 
sequent decided decline in heat production. In some cases the 
heat production fell from 40 to 50 per cent below the normal basal 
metabolism. 

6. The metabolism sinks to a very low point when polyneuritis 
has progressed so far that symptoms of paralysis appear. The 
respiratory quotient seldom rose above 0.75 during this stage of 
polyneuritis, although the crop contained much undigested rice, 
indicating an almost complete inability at that time to utilize this 
food. Undigested rice was found in the crop and gizzard more 
than a week after the last feeding. The heat production falls to 
50 per cent or more below the normal basal metabolism. 

7. After the animal recovers from polyneuritis the metabolism 
and the heat production rise rapidly but the appetite remains poor 
and the gain in weight is very slow. 
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Hen 1. Rhode Island Red. 


Date. 

Experimeiit 

No. 

Weight. 

CO 2 per 
hour. 

0 

0. 

a 

d 

d 

|d 

Nitrogen ex- 
creted per 
da5^ 

Calork*s per 
hour. 

Duration of 
experiment. 

Condition during 
experiment. 




Normal 

basal metabolism. 



1921 


gm. 

gm. 

gm. 



gm. 


min. 


Mar. 18 

11 

2,560 

2.755 

2.710 

0.74 

0.73 

1.579 

8.86 

120 

Restless. 

21 

* 12 

2, 600 

2.585 

2.135 

0.88 

0.91 

1.708 

7.19 

120 

Quiet. 

“ 23 

13 

2, 650 

2.815 

2.810 

0.73 

0.71 

1.515 

9.15 

120 

Restless. 

25 

14 

2, 575 

2.590 

2.450 

0.77' 

0.76 

1.571 

8.04 

120 

Moved. 

Apr. 9 

19 

2, 675 

2.740 

2.665 

0.75 

0.72 

1.348 

8.69 

120 

Restless. 

Metabolism during digestion of grain and mash. 

Mar. 31 

15 

2,600 

3.780 

2.870 

0.96 

1.00 

2.028 

9.86 

60 

Moved. 

Apr. 2 

16 

2,700 

4.370 

2.760 

1.15 

1.24 

1.619 

9.84 

120 

u 

a 5 

17 

2,725 

4.358 

2.668 

1.19 

1.28 

1.436 

9.55 

300 

iC 

‘‘ 13 

20 

2, 650 

'3.758 

2.818 

0.97 

1.00 

1.438 

9.77 

300 

a 

15 

21 

2, 650 

'3.718 

2.920 

1O.93 

0.94 

0.876 

10.06 

300 

a 

Metabolism during digestion of rice. 

Apr. 20 

22 

2, 600 

13.147 

2.460 

'0.93 

0.96 

1.281 

8.43 

ISO 

Moved. 

'' 25 

24 

2,400 

13.130 

12.455 

0.93 

0.94 

0.791 

8.46 

120 

u 

June 8 

31 

2, 070 

i 1.915 

1.315 

1.05 

1.07 

0.220 

4.65 

180 

ii* 


Metabolism during vitamine starvation. 


Apr. 

22 

23 

2,450 

2.500 

2.350 

0.77 

0.77 

0.5357 

7.81 

120 

Moved. 

u 

29 

25 

2,420 

2.213 

2.047 

0.79 

0.78 

0.3223 

6.82 

90 


May 

21 

27 

2, 150 

1.291 

1.181 

0.801 

0.79 

0.2911 

3.94 

120 

Quiet. 

June 

1 

29 

2, 035 

1.423 

1.261 

0.82 

0.82 

0.2106 

4.24 

220 

Moved. 

a 

3 

30 

2, 050 

1.305 

1.252 

0,79 

0.79 

0.2203 

4.02 

150 

Quiet. 


Metabolism during polyneuritis. 


June 

14 1 

32 

1,980 

1.149! 

1.163' 

0.72: 

0.71 

0.1621 

3.81 

ISOi 

Cramps. 

a 

15 

33 1 

1,960 

1.174 

1.123 

0.76 

0.76 

0.1621 

3.72 

1801 


it 

16 

34 : 

CD 

0 

1.227 

1.209! 

0.74 

0.73 

0.1621 

3.99 

180 

a 

u 

17 

35 

1, 9301 

1.521 

1.502 

0.74 

0.73 

0.1621 

4.94 

180 

Convulsions. 

(£ 

18 1 

36 

1, 910 

1.264 

1.163 

0.79i 

1 

0.79 

0.1621 

3.89 

185 

a 

\ 


Tlie norma! ration consisted of wheat and corn, 40 gm. each, and from 16 
to 56 gm. of the mash mixture per day. On Apr. 20 the grain was replaced 
by polished rice. The exclusive rice diet began Apr. 29. The total amount 
of rice consumed was 1,530 gm. Paralysis began June 14 and the hen 
died June 19. 
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He7i 2. Rhode Island Red. 


1 1 



i 



g § 
c'tj 

c 

. 

*c s 

- si 

.2*5 

Condition during 

E o } 

'Id j 

„ c 

o 



C o 



experiment. 

1 

*S 


IT 







! fi: , 

1 

o 1 

O ' 

' 

5?: 1 

iz; 





Normai basal metabolism. 


mi 


gm. 

gm. 

gm. 



gm. 


min. 


Mar. 17 

3 

2,750 

2.520 

2.360 

0.78 

0.76 

1.920 

7.73 

120 

Moved. 

“ 19 

4 

2, 800 

2.580 

2.310 

0.81 

0.82 

1.902 

7.64 

120 

(( 

22 

5 

2,900 

2.750 

2.700^ 

0.74 

0.71 

2.238 

8.75 

60 

Pestless. 

24 

6 ! 

2, 900 

2.340 

2.240 

0.751 

0.74 

2.243 

7.28 

60 

Quiet. 

Apr. 1 

8 : 

2, 900 

2.717 

2.530i 

1 

0.78 

0.78 

1.286 

8.36 

240 

Restless. 


Metabolism during digestion of grain and mash. 


hlar. 

29 

7 

o 

o 

o 

4.3441 

2.S11 

1-12 

1 

.2li 

1.759 

9.95 

121 

Quiet. 

Apr. 

4 j 

9 

3, 000 

4.894 

3.198i 

1.11, 

1, 

.22i 

2.088 i 

11.28 

3001 

Restless. 

iC 

8 ! 

11 

2, 950 

5.050 

3.210 

1.14 

1. 

.22 

1.766 

11.42 

60 

u 

iC 

12 

12 

2, 950 

4.948 

3.444j 

1.04{ 

1, 

.10 

1.983 

12.07 

300 

i£ 

C£ 

14 : 

13 

2, 900 

4.472 

3.143 

1.03 

1 

.07 

1.243 

11,04 

313 

Moved. 


Metabolism during digestion of rice. 


Apr. 19 

14 

2,750 

4.047 

2.942 

0.991 

1.01 

0.892 

10.33 

240 

Restless. 

“ 23 

16 

2, 700 

3.695 

2.430i 

l.lll 

1.14 

0.638 

8.61 

120 

Moved. 

“ 26 

17 

2, 650 

2.915 

2.085 

1.02 

1.05 

0.950 

7.321 

120 

Quiet. 

June 2 

22 

2, 530 

2.567 

1.867 

1.01 

1.03 

0.662 

6.49' 

120 

i£ 


Metabolism during vitamine starvation. 


Apr. 21 

15 

2,600 

2.330 

2.345 

0.72 

0.71 

0.6786 

7.68 

120 

Moved. 

30 

18 

2,630 

2.605 

2.538 

0.75 

iO.74: 

0.6127: 

8.37 

120 

Restless. 

May 19 

20 

2,485 

2.288 

1.880 

0.89 

0.90 

0.7171 

6.40 

60 

Moved. 

31 

21 

2, 500 

1.989 

1.627, 

0.89 

0.90 

0.6624 

5.53 

242 

if 

June 7 

23 

2,435 

1.899 

1,6071 

0.86 

0.87 

0.5294 

5.44 

240 

££ 

Metabolism during polyneuritis. 

June 9 

24 

2, 330 

1.782' 

1.773 

0.73jo.72 

0.5294' 

5.81, 

60 

Convulsions. 


The normal ration consisted of wheat and corn, 40 gm. each, and the 
amount of mash mixture consumed varied from 18 to 52 gm. daily. On 
Apr. 19 the grain was replaced by polished rice. The total amount of rice 
consumed was 2,947 gm. This hen picked off and swallowed her own 
feathers while on the rice diet. Paralysis began on June 9 and the hen 
died June 11. 
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Hen S. White Leghorn. 


Date. 

Experi- 

ment 

No. 

Weight. 

CO2 per 
hour. 

O2 per 
hour. 

K. Q. 

Estima- 

ted 

calories 

per 

hour. 

Dura- 
tion of 
experi- 
ment. 

Condition during 
experiment. 

Normal basal metabolism. 

im 


gm. 

gm. 

gm. 



min. 


June 2 

1 

1,700 

1.819 

1.502 

0.88 

5.13 

180 

Moved. 

“ 20 

3 

1,720 

1.677 

1.711 

0.71 

5.60 

90 

u 

Metabolism during digestion of grain and mash. 

June 15 

2 

1,715 

2.649 

1.865 

1.03 

6.59 

121 

Moved. 

Metabolism during digestion of rice. 

June 22 

4 

1,750 

2.899 

1.700 

1,24 

6.00 

120 

Moved. 

29 

5 

1, 670 

1.723 

1.318 

0.95 

4.59 

150 

It 

July 5 

6 

1,730 

2.176 

1.261 

1.25 

4.45 

150 

it 

Metabolism during vitamine starvation. 

July 25 

7 

1, 465 

0.798 

0,791 

0.73 

2.61 

90 

Quiet. 


Metabolism during polyneuritis. 


July 28 

8 

1,420 

0.862 

0.867 

0.72 

2.86 

180 

Eestless. 

“ 30 

9 ! 

1,375 

0.800 

0.830' 

0.70 

2.72 

180 

u 


The normal ration consisted of wheat and corn^ 30 gm. each, and from 
5 to 45 gm. of the mash mixture were consumed per day. The exclusive rice 
diet began on June 20. The total amount of rice consumed was 1,319 gm. 
Paralysis began on July 28 and the hen died on Aug. 3. 
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Hen 4. White Leghorn. 


Date. 

Experi- 

ment 

No. 

Weight. 

CO2 per 
hour. 

O2 per 
hour. 

R.Q. 

Estima- 

ted 

calories 

hour. 

Dura- 
tion of 
experi- 
ment. 

i 

Condition during 
j experiment. 

Normal basal metabolism. 

im 


gm. 

gm. 

gm. 



min. ' 


June 8 

1 

1,700 

1.615 

1.344 

0.87 

4.59 

151 

Moved. 

Metabolism during digestion of grain and mash. 

June 16 

i 2 

1, 700 

2.371 

1.735 

0.99 

6.11 

120 

Moved. 

“ 21 

' 3 

1, 700 

1.947 

1.424 

0.99 

5.01 

ISO 

Quiet. 

Metabolism during digestion of rice. 

June 23 

4 

1, 690 

1.898 

1.326 

1.04 

4.68 

150 

Moved. 

“ 30 

5 

1, 670 

1 1.726 

1.179 

1.06 

4.16 

121 

Quiet. 

Metabolism during vitamine starvation. 

July 26 

6 

1, 410 

0.846 

0.808 

0.76 i 

2.68 

90 

Quiet. 

“ 28 

7 

1, 370 

0.817 

0.842 

0.71 

2.76 

165 

Moved. 

Aug. 1 

8 

1, 350 

0.928 

0.877 

0.77 

2.92 

150 

Eestless. 

Metabolism during polyneuritis. 

Aug. 3 

9 

1,305 

1.010 

0.978 

0.75 

3.24 

150 

Convulsions. 


Metabolism after recovery from polyaeuritis. 


Aug. 11 

10 

1,325 

1.570 

1.604 

0.76 

4.99 

150 

Eestless. 

IS 

11 

1, 350 

1 . 751 ! 

1.491 

0.85 

5.07 

130 

a 

Sept. 2 

12 

1,465 

1.827 

1.288' 

1.03 

4.51 

120 

Quiet. 


The normal ration consisted of wheat and corn, SO gm. each, and from 
5 to 30 gm. of the mash mixture were consumed daily. The exclusive rice 
diet began June 21. The total amount of rice consumed was 1,525 gm. 
Paralysis began Aug. 2. On Aug. 3, the hen received an extract of yeast 
which relieved the paralysis and complete recovery resulted. The hen 
weighed 1,565 gm. and was apparently normal when the experiment was 
concluded on Sept. 14. 
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Een 5, White Leghorn. 


Date. 

Exi>eri- 

meiit 

No. 

Weight. 

CO 2 per 
hour. 

O 2 per 
hour. 

R. Q. 

Estima- 

ted 

calories 

per 

hour. 

Dura- 
tion of 
experi- 
ment. 

Condition during 
experiment 

Normal basal metabolism. 

1321 


gm. 

gm. 

gm. 



min. 


June 24 

1 

1, 570 

1.688 

1.456 

0.83 

5.04 

135 

Restless. 

July 1 

2 

1, 680 

1.719 

1.432 

0.87 

4.89 

125 

Moved. 

Aug. 4 

4 

1, 760 

1.755 

1.546 

0.83 

5.23 

150 

Restless. 


Metabolism during digestion of grain and mash. 


July 27 

3 

1,775 

2.263 

1.729 

0.95 

6.03 

150 

Moved. 

Aug, 5 

5 

1,820 

2.427 

1.776 

0.99 

6.26 

120 

(( 


Metabolism during digestion of rice. 


Aug. 9 

6 

1, 790 

2.976 

1.920 

1.12 

6. 78 1 

135 j 

1 Restless. 

13 

7 

1, 800| 

2.272 

1.820 

1 0.91 

6.28 I 

120 

I a 


Metabolism during vitamine starvation. 


Aug. 29 

8 

1, 500 

0.974 

0.912 

0.78 

i 3.04 

150 

Quiet. 

31 

9 

1,450 

1 1.099 

1.126 

0.71 

3.69 

120 

Restless. 

Sept. 3 

1 10 

1,405 

1 1.084 

1.022 

0.77 

1 3.40 

120 ‘ 

Moved. 

Metabolism during polyneuritis. 

Sept. 7 

11 

1,280 

0.872 

0.S24 

0.77 

2.74 

75 

Quiet. 

« 9 

12 

1, 265 

0.935 

0.876 

0.77 i 

2.92 

150 

Moved. 

“ 12 

13 

1, 225 

0.763 

0.723 

0.77 

2.41 

180 

Quiet. 


The normal ration consisted of wheat and corn, from 20 to 25 gm. each, 
and from 5 to 45 gm. of the mash mixture were consumed daily. The 
exclusive rice diet began Aug. 6. The total amount of rice consumed was 
867 gm. The first signs of polyneuritis began Sept. 7 and paralysis set in 
Sept. 12. An extract of yeast was given in the afternoon of Sept. 12, 
but there was no improvement and the hen died Sept. 14. 
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Hen 6. While Leghorn. 


Date, 

Experi- 

ment 

No. 

Weight- 

COs per 
hour. 

; 

Oa per 
hour. 

R. Q. 

Estima- 

ted 

calories 

per 

hour. 

Dura- 
tion of 
experi- 
ment. 

Condition during 
experiment. 

ISTormal basal metabolism. 

1921 


0771. 

0771. 

0771. 



min . 


June 25 

1 

1,725 

1.703 

1.639 

0.76 

5.43 

120 

Bestless. 

July 29 

3 

1, 715 

1.700 

1.4So 

0.83 

5.02 

150 

it 

Aug. 5 

4 

1,705 

1.899 

1.76S 

0.78 

5.91 

120 

a 


Metabolism during digestion of grain and mash. 


July 2 

2 1 l,67oj 2.026 

1.529 

0.96 

5.34 

123 

Moved. 

Aug, 6 

5 j 1,66012.501 

1.736; 

1.06 

i 

6.13 

120 

u 


Metabolism during digestion of rice. 


Aug. 10 

6 

1, 680 

2.642 

1.816 

1.06 

6.41 

135 

Restless. 

“ 12 

7 

1, 690 

2.430 

1.643 

1.07 

5.80 

120 

Moved. 

Metabolism during vitamine starvation. 

Aug. 30 

8 

1, 305 

0.938 

0.926 

0.74 

3.06 

150 

Quiet. 

Sept. 1 

9 

1, 280i 

1.050 

0.991 

0.77 

3.30 

' 150 

Moved. 

<< 6 ; 

10 

1, 210 

0.974 

0.930 

1 0.76 

1 

1 3.09 

205 

1 

Metabolism during polyneuritis. 

Sept. 8 

11 

1, 150 

0.918 

j 0.832 

0.80 

2.79 

86 

Quiet. 

“ 10 

12 

1,140 

0.890 

0.859 

0.76 

2.84 

165 

Cramps. 

“ 13 

13 

1, 075 

0.760 

0.720 

0.77 

2.40 

90 

Quiet. 


The normal ration consisted of wheat and corn, from 20 to 25 gm. each, 
and from 5 to 45 gm. of the mash mixture were consumed daily. The 
exclusive rice diet began Aug. 6. The total amount of rice consumed was 
695 gm. The first signs of polyneuritis began on Aug. 8 and paralysis set 
in Sept. 12. An extract of yeast was given Sept. 13 and the hen recovered. 




NITROGEN NUTRITION OF YEAST.* 
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A review of the literature on yeast growth and on the nitrogen 
nutrition of yeast leads one to the conclusions that aininonium 
salts, proteins, amino-acids, or acid amides may be used as the 
source of nitrogen and that the rate of growth as well as the com- 
position of the yeast is influenced not only by the character of 
the nitrogen source, but also very decidedly by the concentration 
thereof within rather narrow limits. We also conclude that other 
factors are very essential in the grovi;h of yeast. These other 
factors are the true nutrients, carbohydrates, inorganic salts, and 
water, also aeration and temperature, and finally the growth 
stimulating vitamine or “bios” of Wildier (1 to 26). 

While on the whole these general conclusions may be correct, 
nevertheless one is struck by the fact that the last named factor 
has in no case been properly controlled in a study of the nitrogen 
nutrition of yeast. It was therefore considered advisable to carry 
out a systematic study of the nitrogen content and yield of yeast 
under conditions where the vitamine factor can be controlled. 
Accordingly, studies were carried out with a constant concentra- 
tion of vitamine in media containing as nitrogen sources, variously 
hydrolyzed protein with and without the addition of certain amino- 
acids or several other nitrogenous compounds in various concen- 
trations. 

Methods Used. 

The Method of Growing Yeast 

About 0.15 gm. of compressed yeast is suspended in 1 liter of 
sterilized distilled water and shaken so as to obtain a slightly 
cloudy liquid. The heavier clumps of yeast cells are allowed to 

^ This work was carried out in connection with a fellowship for the 
study of yeast nutrition given by the Fleischmann Co. 
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settle out and thus a fairly uniform suspension, consisting mostly 
of single cells is obtained at the surface; 1 cc. of such a suspension 
contains about 75,000 to 100,000 yeast cells. As the number of 
cells is, of course, constant for only the one set of experiments in 
which the same yeast suspension is used, the proper control has to 
be made in each case so as to obtain a basis for comparing the re- 
sults from seedings of the different suspensions. 

1 cc. of the yeast suspension is drawn off from the surface 
by means of a pipette and introduced into 125 cc. of the medium, 
contained in a 300 cc. Erlenmeyer flask and previously sterilized 
at 10 pounds pressure for 10 minutes. As 300 cc. Erlenmeyer 
flasks are used throughout the experiments, the surface exposed 
to the air is practically the same in each case. The yeast is 
grown at 30°C. for 20 hours. This time was chosen because in 
this stage practically no decomposition of cells takes place, but 
growth only. As we were not interested to follow fermentation as 
such, but the effect of various nitrogenous substances on growth, 
a point of the growth curve of Rubner was chosen which was not 
optimal, but nevertheless sufficiently high, so as to have the largest 
possible growth with the least decomposition of yeast cells. 

After the growth period of 20 hours a few drops of formaldehyde 
are added, so as to stop the growth. In those cases where the 
amino nitrogen was estimated in the filtrate from the yeast the 
addition of formaldehyde was omitted. The yeast is then rapidly 
filtered off into weighed Gooch crucibles. A layer of asbestos 
of such thickness that the holes of the crucible can scarcely be 
noticed when held against the light, is very satisfactory. The 
yeast is washed with a uniform amount of 'water, so as to avoid 
variations due to the solvent action of '^vater. About two Gooch 
crucibles full of water are sufficient to remove completely the 
unfermented sugar of the medium. The yeast is dried in an oven 
for about 40 minutes at 103^0. and, when sufficiently cooled in a 
desiccator, is weighed accurately. The asbestos with the yeast 
layer is transferred to a Pyrex test-tube of large diameter and the 
nitrogen content determined as outlined below. 

The Method for Micro Kjeldahl Nitrogen. 

The digestion is carried out for 3 hours using 1.5 cc. of concen- 
trated sulfuric acid, 1 gm. of potassium sulfate, and 1 drop of the 
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5 per cent copper sulfate solution. To prevent loss by spattering 
and by boiling to complete dryness^ glass boiling caps are used. 
After complete digestion and cooling, the residue is diluted with 
15 cc. of ammonia-free water and after the addition of 4.5 cc. of 
saturated sodium hydroxide the ammonia is distilled into a 100 



cc. graduated cylinder containing 75 cc. of an approximately 
0.005 N HCl solution. The apparatus as used is shown in Fig. 1. 
Without this long absorbing column of acid and the Folin bulb 
with the small openings for breaking the gases into small bubbles 
there is appreciable loss of ammonia. It is also wise to add the 
same concentration of HCl to the standard (NH 4 ) 2 S 04 before 
Nesslerizing, because even this low concentration of chloride 
ion is sufficient to appreciably decrease the color. Nessleriza- 
tion is conducted in the usual manner. 



94 


Nitrogen Nutrition of Yeast 

The Preparation of the Vitamine Solution, 

9 pounds of Fleischmann's starcli-free yeast were extracted in the 
water bath three times with 90 per cent alcohol. The extracts 
were filtered off hot. On cooling, fatty material, phytosterol, 
and small quantities of a prolamine separated. The extracts w^ere 
allowed to stand in the refrigerator for several days. The clear 
liquid was decanted and the residue -was washed with alcohol. 
The washings and combined extracts were evaporated on the 
water bath to a syrupy mass and this then taken up with water. 
The insoluble residue was filtered off and discarded. The w^ater 
solution after concentrating and shaking out with ether, to remove 
fatty materials, was then evaporated to dryness under diminished 
pressure and extracted three times with 600 cc. of 90 per cent 
boiling alcohol. The insoluble residue, when examined by the 
micro yeast vitamine method as published in a previous paper, 
was found to be very low in vitamine content as compared with 
these alcoholic extracts. On standing in the ice box a needle- 
like substance separated from the concentrated extracts. This 
was found to be inosite. After the removal of these crystals, 
which were found to be inactive from the growth-promoting stand- 
point, the alcoholic solution was made up to a definite volume. 

From the standard alcoholic vitamine solution a vitamine solu- 
tion, V. S, II, was prepared by evaporating 25 cc. of the stock 
solution to dryness on the water bath and taking up the residue 
in water and diluting to 200 cc. This solution was analyzed for 
various constituents with the results indicated below: 

The values given are for 3 cc. of the solution, V. S. II, because 
this is the amount of vitamine solution used in each flask through- 
out the work. 

3 cc. of solution, V. S. 11, contained: 



N 

Total. 


mg. 

per csini 

TotalN.. 

2.76 

100 

Amino N 

0.74 

?6.8 

Amide N 

0.09 

3.4 

Ammonia N 

0.05 

1.6 

Undetermined N 

1.88 

68.2 

Total solids ’ ^ 

33.3 

100 

Inorganic solids 

3.39 

10.2 

Organic solids. 

29.9 

89.8 
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The above figures show that the preparation is mainly organic in 
nature with the greater part of nitrogen in an undetermined 
form. 

The total nitrogen was determined by the micro Kjeldahl 
method as indicated above. The amino nitrogen was determined 
by the Van Slyke method. The ammonia nitrogen by the 
permutit method. The amide nitrogen was determined by a 
combination of the usual procedm^e of hydrolysis with 5 per cent 
H2SO4 and determination of the resulting ammonia by the permutit 
process. This method was checked on a standard solution of 
asparagine before it was applied. It was found to check within 
less than 1 per cent error. 

The Preparation of Edestin. 

Edestin was prepared by the sodium benzoate method of G. 
Reeves. It was recrystallized from a sodium chloride solution, 
so as to remove any traces of the sodium benzoate, washed 
thoroughly with C02-free water, then once with 50 per cent alco- 
hol, using the centrifuging method for the washing and thus 
avoiding the action of air. The thick paste was then rapidly 
thrown on a Buchner filter and washed with absolute alcohol and 
ether. The product obtained was white in color and almost 
entirely soluble in 10 per cent NaCl. 

A portion of the edestin was extracted with alcohol and analyzed 
for vitamine by the micro yeast method described in a previous 
paper. No vitamine was found present. 

The edestin hydrolyzed for different lengths of time also was 
found deficient in the yeast growth-stimulating vitamine. 

Media Used. 

From time to time various media were used. The composi- 
tions, thereof are given below. All the inorganic salts used were of 
the '^analyzed” grade, the cane-sugar was either Kahlbaum’s 
best crystalline or domestic rock-candy. The asparagine was 
recrystallized from water two or three times. 
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Medium 

1 

2 

3 

4 


gm. 

ffm. 

Om. 

ijm. 

Cane-sugar 

20 

20 

20 

100 

Ammonium sulfate 

3 


3 


Asparagine 

.0 


1.5 ' 


KH 2 PO 4 

2 1 

2 

2.0 

10 

MgS04 

0.25 I 

0.25 

0.25 

1.25 

GaCb 

0.25 I 

0,25 

0.25 

1.25 

Vitamine solution (V. S. II) . . 




17.8 cc. 

Diluted to 

1, 000 cc. 

1 , 000 cc. 

1, COO cc. 

500 cc. 


EXPEEIMENTAL. 

Determdnation of the Concentration of the Viiamine Solution To Be 

Used. 

L series of 300 cc. Erlenmeyer flasks was prepared containing 
inci*easing amounts (0, 3, 4, and 10 cc. portions, respectively) 
of the vitaniine solution, V. S. II, together with 100 cc. of Medium 
3. Otherwise the usual method for the growth test was followed. 
Table I indicates in detail how many trials were made. In all 
the subsequent tables the duplicate values will not be given, 
but the results recorded are in each case averages of duplicate 
tests on growth of yeast and the nitrogen content thereof. 


TABLE I. 


Vitamine solution 

Dried yeast. 

N in the dry yeast. 

N absorbed from 
medium. 

cc. 

•mg. 

per cent 

per emt 

0 

2.6 ‘ 

5.2 

0.15 

0 

3.0 

4.5 

0.15 

3 

34.8 

10.1 

3.9 

3 

38.9 

10.1 

4.3 

4 

40.4 

9.6 

4.2 

4 

44.6 

10.4 

5.0 

10 

42.2 

10.3 

4.6 

10 

41.3 

10.4 

4.6 


The results show close agreement in the duplicates and that 
3 cc. of vitamine solution are ample to bring about a good growth 
in 20 hours. It is also evident that the yeast grown without 
vitamine is very low in nitrogen in spite of the same amount of 
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available asparagine nitrogen. Increasing the amount of vit amine 
solution above 3 cc. does not appear to improve the nitrogen 
absorption of the growing jmast. 

Asparagine as a Source of Nitrogen for Yeast, 

Asparagine is an excellent source for jmast nitrogen. The ques- 
tion is, which nitrogen in the asparagine molecule is the active 
one. To study this question two lines of experimentation were 
undertaken: (a) The effect of various substances closely related 
to asparagine was studied and (6), the asparagine-containing me- 
dium in which yeast had been gi’own was investigated in order to 
determine if possible w^hat had become of the asparagine utilized. 


TABLE II. 


Substance added. 

In Medium 1 in presence 
of (NHOsSOu 

In Medium 2 in the 
absence of (NH4)2SOi. 

Dried 

yeast. 

N 

there- 

in. 

N ab- 
sorbed 
from 
me- 
dium. 

Dried 

yeast. 

N 

there- 

in. 

N ab- 
sorbed. 


mg. 

per cent 

percent 

mg. 

per cent 

per cent 

Succinimide 

13 .5 

9.8 

1.6 

9.6 

6.1 

3.0 

Succinamide 

23.1 

7.9 

1.8 

7.9 

8.5 

1.7 

Aspartic acid 

17.0 

10.7 

2.2 

11.7 1 

11.6 

7.3 

Asparagine 

36.8 

10.1 

3.8 

15.9 ' 

9.7 

5.0 

Vitamine only 

27.5 

7.1 

3.0 

8.5 ; 

6.4 

19.7 


In the former studies 0.15 gm. of the substance, asparagine, 
succinimide, succinamide, and aspartic acid, respectively, was 
added as usual to 100 cc. of Medium 1 together with the 3 cc. of 
vitamine solution and compared with the proper control, and 
again, the same substances were used in the same concentration 
under comparable conditions in Medium 2. Thus the effect of 
these substances was studied upon thevgrowdh of yeast in the pres- 
ence and in the absence of ammonium sulfate. Table II gives 
a summary of the results obtained. 

In the second series the distribution of nitrogen between the 
different forms was investigated in the original medium and in 
the filtrate from the yeast growd;h. The results are given in 
Table III. 
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TABLE m. 

Summation of Results Obtained on Nitrogen Distribution in Asparagine 
Solution in the Absence of (NH4)zSOij after Growth of Yeast Therein, 


Distribution of N. 

Asparagine- 
free medium. 

Asparagine- 

containing 

medium. 


7ng. 

mg. 

Original medium. 



Total amide N 

0.09 

13.74 

“ amino N 

0.74 

14.54 

NH3N 

0.05 

0.05 

N 

2.76 

30.21 

Yeast filtered off. 

Weight of yeast 

^ 26.85 

48.7 

N in the yeast 

i 1.8 

4.88 

Filtrate from the yeast. 



Total amide N 

0 1 

13.21 

“ amino N 

0 

11.75 

“ NHjN 

0.22 

0.22 

“ N 

0.22 

25.18 

Sum of the total N in filtrate and in yeast.. j 

2.02 

30.06 


Hydrolyzed Edestin as a Source of Nitrogen, 

Edestin was hydrolyzed for varying lengths of time with 25 
per cent H 2 SO 4 , 5 per cent H 2 SO 4 , saturated Ba(OH) 2 , and by 
both Ba( 0 H )2 and H 2 SO 4 , respectively, at boiling temperature. 
In each case 1 gm. of the protein was employed and after the 
close of the period of hydrolysis the SO 4 and Ba were removed so 
as to leave only a trace of H 2 SO 4 in the solution. Of such solu- 
tions the equivalent of 0.1 gm, of original edestin was added to 10 
cc. of the special Medium 4, and the whole made up to 125 cc. 
The solution thus obtained contained the same concentration of 
cane-sugar, etc. as Medium 2. Such solutions were then sterilized 
in an autoclave and used for a 20 hour growth test in the usual 
manner. 

Action of Edestin Hydrolyzed, for 5 and 27 Hours^ Resjoeciwely^ 
in 25 Per Cent H 2 SO 4 , — Two 1 gm. portions of edestin were boiled 
with 10 cc. of 25 per cent H 2 SO 4 under a reflux condenser for 5 
and 27 hours, respectively. After removal of the H2SO4 by 
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Ba(OH )2 to the point where only very little H 2 SO 4 remained and 
then concentrating to a definite volume the two hydrolysates 
were examined for total nitrogen and amino nitrogenj and for 
yeast growth with the addition of vitamine. The total and 
amino nitrogen contents were the same in both hydrolysates; 
viz.j 135 to 136 mg. of total nitrogen and 72.2 to 72.7 mg. of amino 
nitrogen per 1 gm. of original edestin. These results indicate a 
complete hydrolysis and no change after 5 hours boiling. The 
yeast growth experiments, however, show that the 5 hour hydroly- 
sis is much more efficient as a nitrogen food than the 27 hour 
hydrolysis. This is shown in Section A of Table IV. 

Action of Edestin Hydrolyzed hy 6 Per Cent H2S0i, — Following 
the same procedure as above, 1 gm. portions of edestin were 
hydrolyzed with 10 cc. of 5 per cent H0SO4 for 8 |, 18, 37i, and 
148 hours, respectively. Here also total and amino nitrogen 
estimation and duplicate growth tests were made. The re- 
sults are given in Section B, Table IV. 

The effects of varying concentrations of the edestin hydrolyzed 
for 148 hours are shown in Section C, Table IV. 

Action of Edestin Hydrolyzed by Saturated Ba{OH) 2 - — 1 gm. 
amounts of edestin were boiled for 24, 75, and 148 hours, respec- 
tively, with 10 cc. of Ba(OH )2 solution (saturated at room tem- 
perature). At the close of the period the Ba was removed by a 
slight excess of H 2 SO 4 and after concentrating the solution to a 
definite volume, studied in the same general way. The results 
are given under Section D, Table IV. 

Comparative Tests on Add, Alkaline, and Combined Alkaline 
and Acid Hydrolyzed Edestin, Respectively. — The results in the 
series above indicate that the rdore prolonged alkaline hydrolysis 
is not desirable. Does it permanently injure the edestin as a 
nitrogen source or may a subsequent hydrolysis by acid improve 
it? To determine this a 148 hour Ba(OH )2 hydrolyzed edestin 
. was compared with a 149 hour 5 per cent H 2 SO 4 hydrolysate as 
well as with one in which the 148 hour alkaline hydrolysate 
by saturated Ba(OH )2 was followed by a 70 hour hydrolysis 
with 5 per cent H 2 SO 4 . The results are given in Section E of 
Table IV. 
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Section. 


A 


B 


C 


D 


E 


TABLE IV. 


N distribution in medium. 


Results of yeast 
growth tests. 


Mode of hydrolysis. 


25 per cent H 2 SO 4 

5 hrs 

27 

Control 

5 per cent H 2 SO 4 

8.5 hrs 

18 

37.5 “ 

148 

Control 

5 per cent H 2 SO 4 

148 hrs 

148 “ 

148 

148 

Control 

Ba (0H)2 

24 hrs 

75 

148 

Control 

5 per cent H 2 SO 4 

148 hrs 

148 “ Ba (0H)2 

148 « Ba (0H)2 

70 ‘‘ 5percentH2S04 
Control 


Edestin N. 

Vitaniine 
solution N. 

u 


0 

s 

Total. 

A mino. 


Amino. 

*0 . 

' OJ !>) 

CS 

0 

>, 

£ 

N absorb* 
mediuii 

mg. 

mg. 

mg. 

mg. 

mg. 

per 

cent 

per 

cent 

13.6 

7.27 



51 .8 

10.5 

33.2 

13.5 

7.22 

2.76 

0.74 

36.6 

8.5 

19.1 

0 

0 



14.7 

6.5 

37 .3 

12.56 

4.87 



59.0 

9.3 

35.8 

13.15 

5.19 



50 .5 

10 .4 

32 .8 

13 .62 

7.13 

2.76 

0.74 

47.2 

10.1 

29.1 

11 .98 

6.72 



43.1 

7.3 

21 .6 

0 

0 



11.7 

5.3 

22 .7 

31.8 




26.2 

9.8 

7.4 

10,5 




36.2 

8.8 

24,1 

8.1 


2.76 

0.74 

44.7 

9.9 

40.6 

2.1 




27.9 

8.9 

46.3 

.0 

0 



10.1 

9.0 

33.0 

11 .22 

2.5 



23 .6 

7.3 

12.3 

11.94 

2.2 

2.76 

0.74 

13.5 

6.2 

5.7 

12.60 

2.5 



12.1 

5.5 

4.3 

0 

0 



11 .8 

5.5 

23.5 

14.07 

8.52 



21.2 

8.2 

10.4 

12 .60 

2.46 



9.7 

6.4 

4.0 

11.80 

6.72 

2.76 

0.74 

27.3 

9.3 

17.4 

0 

0 



11.7 

6.9 

29.4 


Amino-AcidB as a Source of Nitrogen, 

The results obtained with edestin, hydrolyzed in various ways 
and to various degrees of eompletenesSj indicate that possibly 
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TABLE V. 


The Effect of Ammo-Acids on Yeast Growth in Media Containing a Constant 
Amoimt of the Vitamine hut with and without Hydrolyzed Edesiin, 
Respectively. 


Amino-acid added. 

Amount 
of acid 
added. 

Hydro- 
lyzed 
edestin. 
Added -\- 
Not 

added — 

Results of yeast growth tests. 

Weight of 
dry yeast. 

Nin yeast. 

N absorbed 
from 
medium. 


mg. 


mg. 

per cent 

per cent 

Cystine 

20 

+ 

62.2 

8.7 

28.3 

u 

10 


44.5 

10.0 

24.7 

({ 

20 

— 

7.1 

5.2 

7.3 

<£ 

10 


6.5 

6.1 

10.0 

Control 

0 

+ 

20.7 

8.8 

10.9 

C £ 

0 

— 

10.2 

8.3 

30.5 

Cystine and tyrosine, each. 

20 


31 .3 

8.1 

12 .2 

i £ ££ ££ (£ 

10 

+ 

19.8 

9.3 

9.8 

i£ <£ t£ 

20 

— 

3.8 

6.0 

3.5 

t £ ££ ££ ii 

10 


5.9 

5.7 

7.3 

Control 

0 

+ 

19 .0 

9.1 

10.6 

t £ 

0 

— 

10.2 

8.3 

30.5 

Tyrosine 

20 

+ 

31 .4 

8.3 

14.2 

££ 

10 

+ 

43 .6 

12.1 

30.0 

« 

20 

— 

9.3 

7.2 

15 .6 


10 

— 

17.1 

7.5 

36.1 

Tryptophane.. 

3 

+ 

34.2 

9.1 

18.0 

££ 

1.5 

+ 

34.1 

8.6 

17.1 

££ 

3 

— 

’ 10.8 

5.0 

16.9 

££ 

1.5 

— 

10.0 ^ 

4.7 

15 .6 

Control 

0 

+ 

27.1 

8.6 

13.9 

££ 

0 

— 

8.5 

4.8 

14.9 

Glucosamine 

2 

4 - 

21 .9 

8.3 

10.7 

££ 

10 

4 “ 

21 .2 

8.2 

9.7 

Control 

0 

+ 

21 .2 

8.2 

10.3 

u 

0 

— 

11 .7 

6,9 

29.1 

Histidine 

1.0 

4 - 

19.3 

9.7 

11 .3 

£i 

0,5 

+ 

24.9 

10.1 

14.8 

££ 

1.0 

— 

6.1 

6.2 

13.8 

££ 

0.5 

— 

8.4 

6.7 

20.5 
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TABLE Y-~Concluded, 


Amino-acid added. 

Amount 
of acid 
added. 

Hydro- 

lyzed 

edestin. 

Added 4* 

Not 

added — 

Kesults of yeast growth, tests. 

Weight of 
dry yeast. 

N in yeast. 

N absorbed 
from 
medium. 


mg. 


mg. 

per cent 

per cent 

Prolinel 

4.94 

+ 

24.9 

\ 8.6 

12.1 

“ 1 

2.47 

+ 

41.0 

10.5 

25.1 

1 

4.94 

— 

9.5 

i 3.6 

10.4 

1 

2.47 

— 

9.5 

4.5 

: 13.6 

Control 

0 


24.9 

8.6 

12.7 

i( 

0 

- 

8.7 

5.1 

16 .2 

Proline 2 

7.5 


20-8 

7.9 

9.5 

2 

3.7 

+ 

29.1 

7.5* 

12.8 

Glucosamine 

2.0 

+ 

21 .6 

8.2 

10.5 

« 

1.0 

+ 

19.4 

8.2 

9.5 

u 

2.0 


7.9 

6.6 

18.9 

€t 

1.0 

— 

9.2 

6.0 

20.1 

Control 

0 

+ 

21 .9 

8.6 

11.3 

u 

0 

- 

11.8 

5.5 

23 .5 

Lysine 

2.48 

+ 

24.9 

9.6 

13.7 

tt 

1.24 


28.0 

7.1 

11.6 

a 

2.48 

— 

13.9 

8.0 

34.4 

u 

1.24 

— 

13.9 

8.2 

37.7 

Arginine. 

3.6 

+ 

24.8 

9.1 

12.8 

« 

* 1.8 

4- 

26.0 

8.6 

13.0 

H 

3.6 


15.8 

8.9 

38.7 

ii 

1.8 

— 

16.1 

7.7 

38.0 

Control.. 

0 

+ 

21.3 

8.2 

10.4 

iC 

0 

— 

11.7 

6.9 

29.1 


certain specific amino-acids are very important in yeast growth. 
The results referred to may possibly be in part attributed to the 
destruction of certain amino-acids in the process of hydrolysis or 
to the loss of some of them due to precipitation thereof in the 
neutralization and removal of SO4 or Ba. That this may in part 
be correct is suggested by the results obtained, but we may also 
attribute the deleterious effect of completely hydrolyzed edestin 
as in part due to too high a concentration of certain amino-acids 
in the free form. 

In these studies pure amino-acids in quantities varying from 
1 to 20 mg. were added to 125 cc. of the usual Medium 2 with 
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and without the addition of 0.1 gm. of edestin previously hy- 
drolyzed for 148 hours with 5 per cent H 2 SO 4 and freed from SO 4 
in the usual way. Wlierever the hydrolyzed edestin was added 
it is to be remembered that 14.07 mg. of total edestin nitrogen and 
8.52 mg. of amino nitrogen from edestin were present in the usual 
125 cc. of medium employed for the growth tests. The usual 
control tests were made. Table V gives the results of these 
tests. 

In the case of cystine and tyrosine the amount indicated was 
first dissolved in KH2PO4 of a known concentration and this was 
then diluted so that the final medium was of the usual concentra- 
tion in K, PO4, etc., as in the other tests. 

In the case of proline it was prepared according to the Dakin 
method (27) by extraction with butyl alcohol. The copper salt 
proved to have 17.8 per cent impurities as determined by total 
and amino nitrogen estimations. Nevertheless this impure pro- 
duct was tried for our purpose. 

As the action observed may have been due to the impurity 
present in the preparation, a purification of the proline was at- 
tempted. By fractional crystallization of the copper salt a prod- 
uct was obtained containing only 6.2 per cent impurities. 

DISCUSSION, 

The Utilization of Asparagine Nitrogen . — That asparagine is a 
particularly good form of nitrogen for yeast growth is well shown 
by the results in Table II. The yield of yeast is highest in the 
presence of a constant concentration of asparagine and vitamine 
no matter whether ammonium sulfate is present or absent. How- 
ever, in presence of asparagine, the yield of yeast is slightly more 
than doubled in case ammonium sulfate is present, whereas in 
the absence of asparagine the ammonium sulfate increases the 
yield over threefold. Similar results are obtained in the presence 
of succinamide. Succinimide and aspartic acid, however, in- 
crease the yield of yeast only slightly in the absence of (NH 4 ) 2 S 04 
and actually decrease it decidedly in the presence of (NH 4 ) 2 S 04 
as compared with the control test with vitamine only. How- 
ever, an ammonium sulphate medium increases the yield of yeast 
in every case here studied. The results do not show which form 
of nitrogen is used in the ammonium sulfate-containing medium. 
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It is to be noted that the nitrogen content of yeast varies con- 
siderably and that the most favorable medium for the growth ot a 
high nitrogen yeast is one containing either asparagine or aspartic 
acid. The results of Table II suggest that the a-amiiio group of 
asparagine or aspartic acid stimulates nitrogen assimilation, but 
that the amide group also aids in stimulating cell reproduction 
provided ammonia is present as such or in an available form as in 
the ce-amino group in asparagine or aspartic acid. Certainly the 
combination of the amide and m-amino groups appears very favor- 
able for yeast growth. 

This is in part confirmed by the results in Table III. If we 
assume that the vitamine solution contributed as much of its 
nitrogen in the case where asparagine was present as in the control 
test, we must account for 3.08 mg. of yeast nitrogen obtained from 
the asparagine. Inspection of the table shows that of this nitro- 
gen, 2,05 mg. (66.6 per cent) were a-amino in character, 0.44 
mg. (14.3 per cent) was amide nitrogen, and the remainder (19.1 
per cent) not accounted for. The 5.03 mg. of total nitrogen lost 
from the medium checks fairly well with the 4.88 mg. found in the 
yeast filtered off. It is also of some interest to note that the 
ammonia content of the two filtrates is the same even in spite of 
the difference in yeast growth. It appears then that the aspara- 
gine has been deaminized only in so far as the nitrogen has been 
used for yeast growth or for the synthesis of yeast protein. The 
amide group in asparagine has been only slightly affected, but the 
of-amino group is used up almost quantitatively in proportion to 
the yeast growth and the deaminized asparagine is left practically 
intact in the filtrate. The amino nitrogen in the vitamine solu- 
tion is used up practically completely. Waterman (24) arrived at 
very similar conclusions. On the whole the results for asparagine 
agree with Ehrlich^s view that amino-acids are deaminized before 
the nitrogen is used for growth and that they are not utilized as 
such (22). 

Hydrolyzed Edestin as a Source of Yeast Nitrogen , — The 
first striking conclusions inferred from Section A, Table IV 
are that although the free amino nitrogen estimation indicates 
the same stage of hydrolysis of edestin in the 5 and 27 hour 
hydrolysates, still the shorter period yields a medium much more 
efficient as a yeast nutrient both from the standpoint of yield of 
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yeast as well as from the nitrogen content of the dry yeast. If 
we use a weaker acid, 5 per cent sulfuric acid, we obtain similar 
results as to the yield of yeast, but in this case we obtain (Section 
B, Table IV) a yeast of the high nitrogen content in the case 
w’here the medium is highest in both total and amino nitrogen. 
The results in Section B, Table IV, may perhaps in part be 
ascribed to the fact that the total amount of nitrogen w^as not the 
same in each case. However, it is not likely that the variations 
indicated, entirely account for the results of 3 ^east growth. It is 
more likely that the stage of hydrolysis is the more important 
factor. In fact the conclusions arrived at in regard to the ac- 
tion of asparagine and aspartic acid might possibly be applied 
here, that is, both amino and amide nitrogen are desirable in a 
medium for yeast growth. By varying the concentration of the 
148 hour hydrolyzed edestin (Section C, Table IV) we obtain 
results which again show that although the concentration of the 
completely hydrolyzed protein is an important factor in the yield 
of yeast, still it never is as efficient as the partially hydrolyzed 
protein no matter whether in higher or lower concentration. The 
growth test with 2.1 mg. of nitrogen in the form of completely 
hydrolyzed edestin (Section C, Table IV) shows that it increases 
the yield of yeast over the control test 2.76 times whereas the 
relative concentrations in nitrogen are only as 1 to 1.76. It 
shows the importance of the two forms of nitrogen, that is, in the 
vitamine solution and the hydrolyzed edestin, respectively^ 

Alkaline hydrolysis (Section D, Table IV) of edestin yields a 
poor nutrient both from the standpoint of yield and nitrogen 
content of the yeast. However, here we again observe that the 
shortest period of hydrolysis gives the most efficient medium and 
this in spite of the fact that the amino nitrogen content was very 
low and practically the same in each case. The comparative 
tests tabulated in Section E, Table IV, confirm the previous 
results, but also show that an alkali-hydrolyzed edestin may be 
converted into a better yeast nutrient by a subsequent hydrolysis 
by sulfuric acid; both the yield and the nitrogen content of the 
yeast were increased very decidedly. Whether the result is due 
to increased amino nitrogen or to changes in optical activity or both 
must be determined by other studies. 

The studies with hydrolyzed edestin show that a partial hydroly- 
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sis is desirable, but that a complete one is very undesirable. Pos- 
sibly this is due to the greater availability of certain amides or 
peptide linkings for yeast growth, but it may also be due to the 
partial or complete destruction of certain amino-acids or to the 
loss of some of them through precipitation in the process of re- 
moval of SO 4 and Ba ions. Tryptophane would be completely 
destroyed in the acid hydrolysis, while cystine and tyrosine would 
tend'to be precipitated in the removal of SO4 and Ba ions. There 
are, of course, other unknown groups in the edestin molecule 
which may also be destroyed in the process of hydrolysis. 

The Action of Certain Amino-Acids on Yeast Growth , — The 
results of these studies are given in Table V. If we compare 
the yield of yeast in the control test, in the absence of hydrolyzed 
edestin, with the action of the pure amino-acids in the presence of 
the vitamine solution in both cases, we find that in the low con- 
centration employed cystine, histidine, glucosamine, and cystine 
in the presence of tyrosine each retard the growth of yeast, the 
yield ranging from 37 to 96 per cent of the control test. With 
cystine alone the effect on the nitrogen content of the yeast is 
very marked also. In every case, except cystine alone, the higher 
of the two concentrations of amino-acid employed had the more 
inhibiting effect. The most marked retarding effect was shown 
by the mixture of cystine and tyrosine, the yield of yeast being 
decreased in one case to 37 per cent of the control test. Of the 
other amino-acids used, tyrosine, tryptophane, lysine, and 
arginine slightly increase the yield of yeast in the absence of 
hydrolyzed edestin. Here also it may be noted that the higher 
concentration employed never had the distinctly better effect, 
in fact in the case of tyrosine the higher concentration almost re- 
tarded growth. Proline in the concentrations employed was with- 
out action. Apparently none of the amino-acids studied, except 
tyrosine in low concentration, has a distinctly beneficial effect 
when used together with the vitamine in an otherwise synthetic 
medium. The retarding action is much more marked. Whether 
this toxic action is due to the amino-acid itself, to the deaminized 
product, or to the corresponding alcohol as suggested by some 
workers is not determined here. 

The effect of the amino-acids in the presence of hydrolyzed 
edestin is a very different story. Here we find cystine a marked 
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stimulant which increased with the higher concentration employed. 
Tyrosine and cystine acting together had a similar effect, but to a 
less degree. Tyrosine and proline separately, stimulated dis- 
tinctly better in the lower than in the higher concentrations. The 
same is true to a very much less degree for lysine and arginine. 
Histidine in the lower concentration had no effect, but in the higher 
concentration it distinctly lowered the yield of yeast. Trypto- 
phane stimulated slightly in. the concentrations employed. Glu- 
cosamine was practically without effect. One very interesting 
finding is that in general there is a tendency that the percentage of 
nitrogen in the yeast grown in presence of the amino-acid and 
edestin is higher than in the control test. This is especially true 
with cystine, tyrosine, histidine, lysine, and arginine. It is 
not so well shown with tryptophane and proline. These results 
with pure amino-acids confirm the results obtained with the vari- 
ously hydrolyzed edestin preparations and certainly show very 
clearly how very easily an otherwise satisfactory medium may be 
influenced to stimulate or retard yeast growth by the addition of 
such small amounts as 0.50 to 20 mg. of amino-acid to a 125 cc. 
volume. Whether the acids themselves or intermediate prod- 
ucts in their metabolism are involved in these actions remains to 
be determined. How’'ever, it is very certain that the additional 
nitrogen found as yeast protein by no means aE comes from the 
added amino-acid in those cases where the distinct stimulation is 
observed. For instance, where 20 mg. of cystine or 2.33 mg. of 
cystine nitrogen were introduced we found 3.59 mg. more yeast 
protein nitrogen; so also where 1.5 mg. of tyrosine nitrogen were 
added, we had 2.84 mg. additional yeast protein nitrogen formed. 
In some cases at least the beneficial effect of the amino-acid 
must be in some other way than as a nitrogen source pure and 
simple. 


SXJMMABY. 

1. In contrast to previous work on nitrogen nutrition of yeast 
the effect of the yeast growth-promoting vitamine has been con- 
trolled in these studies. 

2. Yeast grows better in an asparagine-containing medium in 
presence of ammonium sulfate than in the absence thereof. Simi- 
lar results are obtained with succinamide, succinimide, and as- 
partic acid. 
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3. In an asparagine-containing medium, practically free from 
ammonia, the yeast obtains its nitrogen mainly from the a-amino 
group and only slightly affects the amide group of the asparagine. 

4. Continued acid hydrolysis decreases the value of edestin 
as a yeast nutrient, but mild hydrolysis improves it up to a cer- 
tain degree. 

5. Alkaline hydrolysis of edestin is more destructive than the 
acid hydrolysis. Subsequent acid hydrolysis improves the edestin 
as a yeast nutrient. 

6. The lowered nutrient value of edestin with more or less 
complete hydrolysis may be due to many factors. Some of 
these factors are the loss of certain important amino-acids, the 
possible importance of certain peptides, the loss of unknown 
building stones, and the toxic effects of certain free amino-acids 
or some of their products of metabolism. 

7. In the absence of hydrolyzed edestin cystine, histidine, 
glucosamine, and cystine in the presence of tyrosine, retard the 
growth of yeast. This may not be true for lower or higher con- 
centrations than those studied here. 

8. In the absence of hydrolyzed edestin tyrosine, tryptophane, 
lysine, and arginine slightly stimulate yeast growth. Higher 
concentrations of these tend to retard the growth. Proline had 
no effect. 

9. In the presence of hydrolyzed edestin, cystine, tyrosine, or 
cystine with tyrosine stimulated yeast growth. Tryptophane, 
proline, lysine, and arginine acted similarly, but to only a slight 
degree. Slight changes, increase or decrease, in concentration 
may easily cause a retardation, but the general tendency is toward 
a retardation in growth with increased concentration of the amino- 
acid. 

10. In those cases where the most marked growth stimulation 
was observed the amount of additional yeast nitrogen found was 
considerably more than the nitrogen introduced as amino-acid. 
This is especially true for cj^stine and tyrosine. 

In conclusion I wish to acknowledge my indebtedness to Pro- 
fessor F. C. Koch for valuable advice given me throughout 
the research, and to Dr. R. E. Lee of The Fleischmann Co. whose 
interest in yeast nutrition made this study possible. 
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CHEMICAL STUDIES ON INTESTINAL INTOXICATION. 

I. THE PEESENCE AND SIGNIFICANCE OF HISTAMINE IN AN 
OBSTRUCTED BOWEL. 

By R. W. GERARD. 

(From the Hull Physiological Laboratory of the University of Chicago, 

Chicago.) 

(Received for publication, December 13, 1921.) 

That the systemic symptoms and death following an acute 
intestinal obstruction are due to the absorption of toxins from the 
obstructed part of the bowel has been established by the consistent 
results of all recent workers in this field. 

The closed loop operation introduced by Whipple and his 
associates (1, 2) has shown that these toxins maybe developed in- 
dependently of foods or the special secretion of any one part of 
the enteric canal; so that they must arise from the mucosa and 
its secretions or the bacteria in the lumen of the gut. 

The bacteria of the normal gut multiply greatly in the closed 
gut (3) and the proteolytic strains completely overgrow all others 
(4); decarboxylating organisms, mainly of the coli group, which 
produce histamine under conditions that prevail in a closed loop, 
have been isolated from feces and intestinal contents (2, 5, 6, 7) ; 
and histamine has been found in normal feces (4, 8) and mucosa 
(9). True exotoxins are not present in loop fluid (10, 11), so 
that the amine (or proteose) nature of the toxic agents is strongly 
indicated. 

The loop toxin is absolutely identical with histamine in its 
pharmacologic action (12, 13, 14), except that it renders blood 
incoagulable; and, also like it, resists the action of heat (15, 16, 
17, 18), acid (refluxing with 20 per cent HCl)^ alkali, trypsin, and 
erepsin (2, 19, 20, 21). When loop fluid is treated with alcohol or 

^Personal communication from Dr. L, R. Dragstedt confirmed by the 
author. He foimd the minimum lethal dose for guinea pigs to increase 
from 3 to 5 cc. after the acid treatment. 

Ill 
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half saturated with ammonium sulfate, part of the toxicity appears 
in the precipitate, as would a proteose, and part remains in the 
filtrate, as would an amine. 

Nesbitt (22) found choline and neurine in obstruction fluid 
after feeding yolk. Kukula (15) isolated a pentamethylene 
diamine (cadaverine?) from fluid above an obstruction. Roger 
(23) showed a proteose present in similar material, and Whipple 
later secured evidence of a primary heteroproteose (24). Sweet, 
Feet, and Hendrix (25) found in obstruction fluid a proteose and a 

choline-like’^ substance. Taylor and Pearce (26) were unable to 
demonstrate histamine in loop fluid by Kutscher’s tannic acid 
method, possibly because the amine was carried down in the tannic 
acid precipitate — as in solutions of low acidity.^ 

In view of its importance, analysis of obstruction fluid for his- 
tamine by more adequate methods was undertaken in this in- 
vestigation. 

Methods, 

Histamine was tested for in loop fluids by chemical analysis, 
by biological assay on strips of intestine, and by intravenous in- 
jection in dogs. For chemical analysis the quantitative method 
of Koessler and Hanke (27, 28, 29, 30) and Koch was used. This 
consists, briefly, of acid hydrolysis of the protein material, dis- 
tillation of ammonia, precipitation of the amines and amino- 
acids with acid phosphotungstic acid, decomposition of this 
precipitate with baryta, concentration, addition of NaOH to 
the concentrate, and repeated extraction of the alkaline solution 
with amyl alcohol to separate the histamine from histidine. Any 
interfering substances still present are removed by treatment with 
AgNOs and baryta. The histamine is tested for colorimetrically 
by coupling with diazobenzene sulfonic acid. As little as 0.001 
mg. of histamine dihydrochloride (in 8 cc. of test mixture) may be 
determined quantitatively in this manner. 

Guggenheim and Loffler (31) showed the intestine of the guinea 
pig affords a very satisfactory test for histamine. Longitudinal 
pieces suspended in warm oxygenated Ringer’s solution respond to 

^Meakins and Harington (Meakins,' J., and Harington, C. E., J, 
Pharmacol, and Exp, Therap., 1922, xviii, 455) have just reported finding 
histamine in human obstructed colons. 
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concentrations of histamine as low as 1 part to 250 million. In 
using this test, the test solutions were carefully neutralized and 
any preservatives removed, as these factors modify the contrac- 
tion of the gut. 

Injections in the dog were made directly into the femoral vein. 
Blood pressure was taken from the carotid artery. 


EXPERIMENTAL. 


Histamine Present in Fluid Accufnulated in Closed Washed Loops 

of Jejunum. 


Sample l.—A closed washed loop of the jejunum was made and con- 
tinuity of the gut reestablished by end to end anastomosis. The dog ran 
the usual course and died in a typical manner. 90 cc. of chocolate brown 
fluid with a putrid odor were collected at autopsy and at once boiled. 
6 gm. of dark brown solid were obtained by evaporation. 1 gm. of the 
powdered solid was refluxed (just kept simmering) for 100 hours with 20 
per cent HGl. Considerable carbonization occurred despite careful 
heating, and a large amount of gummy melanoid material which was refrac- 
tory to the further treatment was formed. The hydrolysate was distilled 
twice in vacuo, filtered from the melanoid matter, slightly acidified with 
HCl, evaporated, and precipitated with phosphotungstic acid, etc., as 
indicated above. By double extraction with amyl alcohol both a histidine 
fraction and a histamine fraction (Solution 1C) were obtained, which were 
diluted, transfered to precision cylinders, and tested. 1 cc. of Solution 
1C gave a color value of 1.1 mm., corrected, which equals 0.0014 mg. of 
histamine dihydrochloride (by table). The number of mg. of histamine 


dihydrochloride per 100 cc. of original fluid equals 0.0014 X 25 X 


15.2 

7 


X 


X — equals^ 0.6 mg. 

9.115 

Solution 1C was further tested for histamine by its action on guinea pig 
gut. 4 cc. were added to the 50 cc. of oxygenated Ringer’s solution in 
which the intestine was suspended. The concentration of histamine in 
this solution, as given by the colorimetric test, is 1:10,000,000, and the 
contraction of the gut following its addition was similar to that following 
the addition of known histamine in like quantity. 

Solution 1 C also caused a fall in the blood pressure of a dog when 
injected intravenously. The shape of the curve was identical with one 
produced by the injection of known histamine solutions. 


3 Total volume of Solution 1 C equals 25 ce^ — — X “ represents 

7 9.1 

dilutions in process of analysis, 1 gm. of solid was equivalent to 15 cc. of the 
original fluid. 
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Histamine Removed by Melanin. 

Sample S . — 10 mg. of histamine dihydrochloride were added to 1 gm. of 
Solid 1, and the whole analyzed parallel with it as a check upon it. Carbon^- 
ization and melanin formation occurred during acid hydrolysis just as 
with Sample 1. Only about half (4.4 mg.) of the histamine dihydrochloride 
added was recovered in the final fraction. 

The method used had proved quantitative when tested on pure 
imidazole solutions, histamine is not easily destroyed even by 
vigorous chemical treatment (28), and Hanke and Koessler (30) 
report that histamine is adsorbed by charcoal. In this sample 
the charred melanoid material formed during hydrolysis removed 
the histamine by adsorption. (Further evidence for this is 
afforded by Sample 5.) In Sample 1 also, a considerable quantity 
of histamine was probably removed in a like manner. 

Alkaline Hydrolysis of Loop Fluid Does not Permit a Quantitative 
Determination of Histamine, 

Sample 6 . — 10 cc. of fresh jejunal loop fluid were allowed to stand with 
3 gm. of NaOH, and the mixture was extracted with amyl alcohol and sul- 
furic acid, neutralized, dried, and tested, as above. A similar portion with 
1 mg. of histamine dihydrochloride added was treated in like manner. In 
both eases a large amount of brown material was formed and the amyl 
alcohol extracts were deeply colored (reddish brown). The color did 
not pass into the acid. Both samples gave tests for histamine but not 
quantitatively. 

Presence of Histamine in Loop Fluid Confirmed by Further 

Purification, 

Sample — A closed washed loop of the ileum was made and continuity 
of the intestine reestablished as before. At autopsy 130 cc. of reddish 
brown fluid were collected and at once evaporated to dryness. 7 gm. of 
dark brown solid were formed. 2 gm. of this were subjected to acid hydrol- 
ysis, etc., exactly as was Sample 1. The histamine fraction was tested 
colorimetrically. 

0.5 cc. gave a color test of 4 mm., corrected, which equals 0.55 mg, 
histamine dihydrochloride for the sample taken. 

1.0 cc. gave a color test of 6 mm., corrected, which equals 0,40 mg. hista- 
mine dihydrochioride for the sample taken. 

The average of these figures taken showed 1.3 mg. of histamine dihydro- 
chioride per 100 cc. of original fluid. 
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As pointed out by Koessler and Hanke (27), the failure of twice the 
quantity to give twice the color value indicated interference with the 
coupling reaction by some substance. A further purification with AgNOs 
and baryta was resorted to, and histamine again demonstrated in the 
silver-insoluble portion by all tests, as in Sample 1. 

In the above analysis all the discarded fractions were tested for 
toxic material by intravenous injection into a dog. None of these 
fractions caused a fall in blood pressure. 

Histamine in Loop Fluid Determined Quantitatively, 

The above analyses show only the minimum quantity of his- 
tamine, for much is removed by the melanin formed in hydroly- 
sis. To avoid formation of this the undried fluid was used for 
hydrolysis. The following group of analyses done in this way 
yielded quantitative results. 

Sample 7, — ^200 cc. of chocolate brown fluid were obtained at autopsy 
from a closed jejunal loop of 3 days standing. This was centrifuged to 
remove solid particles and the opalescent supernatant liquid used for this 
test. 10 cc. were at once refluxed with 37 per cent HCl for 40 hours (Sample 
7A). No gummy material formed. A second 10 cc. portion was sinailarly 
treated after the addition of 10 mg. of histamine dihydrochloride (Sample 
7B) ; and the hydrolysis again accomplished without carbonization. The 
subsequent treatment paralleled that of Sample 1. 1 cc. of the final hista- 
mine fraction for Sample 7A gave a color test of 15.7 mm., corrected, which 
by table corresponds to 0.021 mg. of histamine dihydrochloride, or 0.3 mg. 
of histamine dihydrochloride for the original 10 cc. sample. The final 
fraction of Sample 7B was so concentrated that 0.05 cc. gave a color test 
of 23.5 mm., corrected, which equals 0.0313 mg. histamine dihydrochloride, 
or 9.8 mg. for the whole sample taken. 0.3 mg. originally present in the 
fluid is included here, so 9.5 mg. of the added histamine dihydrochloride 
were recovered. This is 95 per cent of the total ; and is within experimental 
error for a concentrated solution. 

The solid thrown down by centrifugalization was roughly analyzed for 
histamine to eliminate any loss by occlusion. The solid was suspended in 
25 cc. of water and 10 cc. used for extraction with amyl alcohol (3 portions 
of 20 cc. each) and this in turn with n H 2SO4 (3 portions of 10 cc. each). 
The combined acid extracts were treated as usual. 1 cc. of the histamine 
fraction had a color value of 4.1 mm., corrected, which equals 0.0065 mg. 
of histamine dihydrochloride, or 0.2 mg. for the whole sample of loop 
fluid. There was present in the 200-00. of fluid, therefore, at least the equiv- 
alent of 6.2 mg. of histamine dihydrochloride. 

These various histamine fractions gave the typical depressor effect 
when injected into dogs. 
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Sample 9 . — A closed loop of the upper jejunum was made by the usual 
operation. 44 hours later the dog was very ill and could not stand. It 
was sacrificed, and 40 cc. of bloody brown foul smelling fluid were obtained 
from the distended loop. 15 cc. of this were at once refluxed for 40 hours 
with 37 per cent HCl, and the further procedure of Sample 1 was followed. 
The histamine fraction finally secured was tested in the usual way. 1 cc. 
gave a color value of 18.5 min., corrected, which equals 0.025 mg. of hista- 
mine dihydrochloride, or 0.3 mg. for the sample taken. This would corre- 
spond to 0.8 mg. for the original fluid obtained. This fraction also gave a 
typical histamine depression of blood pressure. 

Sample 10 . — closed loop of the upper jejunum was made as usual. 
The dog became progressively weaker and died in 4 days. 125 cc. of bloody 
brown foul smelling fluid were obtained at autopsy. 15 cc. were at once 
refluxed with acid and carried through the usual procedure. The hista- 
mine fraction finally obtained was tested colorimetrically. 1 cc. gave a 
color value of 23 mm., corrected, which equals 0.031 mg. of histamine 
dihydrochloride, or 0.4 mg. for the sample taken. The total fluid obtained 
contained 3.3 mg. of histamine dihydrochioride. 

In the above analyses the time of appearance and shade of the 
color were correct for histamine. 

Histamine Present in Material Accumulated in Closed Washed 

Loop of Colon. 

Acute obstruction in the lower bowel, especially the colon, is 
not attended by such a fulminating syndrome as is higher ob- 
struction. Many human cases of obstipation lasting for months 
are known; and closed loops of the colon in dogs have been found 
by many workers (32, 33, 34) to be entirely compatible with life. 
In such loops of colon, however, a fecal-like mass accumulates 
which is extremely toxic and, upon intravenous injection in 
dogs, shows a typical depressant action. The following analysis 
shows the presence of histamine in such material. 

Sample 8 . — A closed loop of the colon was made in the usual manner.^ 
The dog made an uneventful recovery and showed no symptoms for S 
months, when it was again operated upon and the closed loop removed. It 
contained 100 gm. of a grey buttery solid. This was triturated with water 
and the suspension found to give a typical loop toxin fall in blood pressure 
upon injectibn. 10 cc. of the suspension (equals 1 gm. of solid) were 
refluxed with 37 per cent HCi for 45 hours. Subsequent treatment as 
above yielded a histamine fraction, 1 cc. of which gave a color value of 
7.5 mm., corrected, which equals 0.01 mg. of histamine dihydrochioride, 
or 0.14 mg. for the sample taken. There was present in the original sample, 
therefore, at least 14 mg. of histamine dibydrochloride. 

^ Operation performed by Dr. L. R. Dragstedt. 
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Histamine Present in Sterile Jejunal Mucosa hut Not in Sterile 

J ejunal Secretion. 

The aseptic formation of histamine in the body has not been 
conclusively demonstrated. Barger and Dale (9) found this 
amine in washed ox mucosa which had, however, been harboring 
proteolytic bacteria. The evidence presented by Abel and Kubota 
(35) favoring the formation of histamine during normal metabolic 
processes, has been questioned by Hanke and Koessler (36). 

Much evidence indicates that the obstruction toxins are in 
part, at least, the result of bacterial activity and formed only in 
their presence (18, 33, 37, 38, etc.). The following experiment 
affords further evidence on these points. 

Sample 11 . — The usual operation for a closed loop of the jejunum was 
performed, and an end to end anastomosis made. The isolated segment 
of gut attached only by its mesentery, was not closed by infolding the ends 
however, but left open. Further exposure of the mucous surface (to the 
sterilizing action of the peritoneal secretions, 33) was secured by a slit 
along the antimesenteric border of the loop, which allowed it to evert. The 
mucosa was well washed with sterile water, rinsed with ether, and dropped 
back into the abdomen, which was then closed. The dog made a perfect 
recovery and remained normal . 149 days later she was still entirely normal 
(3 days before being sacrificed she was observed in coitus), and was sacri- 
ficed. The autopsy was performed immediately under aseptic conditions. 
The peritoneum and mesenteries were moderately congested and were 
besprinkled with fibrin-like granulations, though no adhesions betw^een 
them were found. The open loop was adherent about its edges but the 
mucosa was freely exposed in the cavity. The mucosa appeared entirely 
normal on gross and microscopic examination. Within the peritoneal 
cavity were about 200 cc. of light grey mucilaginous material, the accumu- 
lated secretion of the everted mucosa. Cultures of the mucosa and secre- 
tion taken on agar, blood agar, and Endo plates, agar slants, and in broth 
were all negative. The whole abdomen presented a strikingly pathological 
picture, yet the dog was in good health when sacrificed. 

10 gm. of the mucous secretion were at once refluxed with 40 cc. of 20 
per cent HCi for 33 hours, and the usual analysis was carried out. 1 cc. of 
the final histamine fraction gave a color value of about 15 mm. but the color 
tvas distinctly green. Intravenous injection into a dog of the original mate- 
rial, or of the histamine fraction, had no effect on blood pressure. Hista- 
mine was therefore absent from the sterile jejunal secretion. • . 

The mucosa of this sterile loop was thoroughly washed, scraped off, 
minced, and at once refluxed with 25 cc. of 20 per cent HCI for 33 hours. 
Its moist weight was 6 gm. The usual analysis was performed and the 
final histamine fraction secured. 0.25 cc. of this solution gave a colpr 
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value of 14 mm., corrected, which equals 0.019 mg. of histamine dihydro- 
chloride, or 10 mg. for the sample taken. On intravenous injection into a 
dog this solution gave a typical histamine depression similar to one pro- 
duced by known histamine of like strength. 

The sterile mucosa of the dog’s jejunum, therefore, may 
contain histamine. No explanation is offered. The experiment 
is being repeated to determine the constancy of this condition. 

Histamine Present in the Mucosa of a Closed Jejunal Loop, 

The role of the intestinal mucosa in the formation of loop toxin 
has been especiallly emphasized by Whipple, who believes the 
toxin to be a perverted secretion (21). The presence of his- 
tamine in loop mucosa as shown below is of interest in this con- 
nection, and as a check on the above. 

Sample 10.— The mucosa of Dog 10 in the above series was used. At 
autopsy the closed loop was found distended but not perforated. The 
mucosa was somewhat injected, but otherwise normal. The ends which 
had been infolded and tied were gangrenous. The end to end anastomosis 
showed a small perforation, and a hemorrhagic peritonitis had developed. 

The mucosa was carefully washed free of all contents and partly dried. 
6 gm. were refluxed with 37 per cent HCl, and carried through the remaining 
procedure as above. The flnal histamine fraction was tested as usual. 
1 oc. gave a color value of 15 mm., corrected, which equals 0.03 mg. of hista- 
mine dihydrochloride, or 0.3 mg. for the whole sample. 

Histidine Present in Loop Fluid and Mucosa, 

The histidine content of some of these samples was determined 
in the manner indicated under the analysis of Sample 1. Follow- 
ing are the results. 

Sample 2 contained 78 mg. of histidine dihydrochloride per 
100 cc. of iuid, or 101 mg. for the entire quantity. 

Sample 8 contained 1.5 mg. of histidine dihydrochloride per 
gm. of solid, or 150 mg. for the entire quantity. 

Sample 0 contained 73 mg. of histidine dihydrocMoride in 100 
ec. of fluid, or 29 mg. for the entire quantity. 

Sample 11 (muccBa) contained 2.4 mg. of histidine dihydro- 
cMoride for the entire 6 gm. of moist mucosa. 

Sample 11 (fluid) contained 14,1 mg, of histidine dihydrochlor- 
ide in 10 gm. of jefly, or' 280 mg. for the entire quantity. 
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Sample 10 (mucosa) contained 31.4 mg. of histidine dihydrO” 
chloride for the entire 6 gm. of moist mucosa. 

Sample 10 (fluid) contained 30 mg. of histidine dihydrochloride 
in 100 cc. of fluid, or 37 mg. for the entire quantity. 

Such widely varying figures obtained under dissimilar condi- 
tions are too few to permit any generalizations, though it might be 
noted that Sample 11 (mucosa) which was rich in histamine 
is poor in histidine. In all cases, however, there is present an 
ample supply of histidine to account for the presence of the his- 
tamine if the latter were entirely derived from it by decarboxyla- 
tion. The sequence is thus practically complete; from the pres- 
ence in closed loops of histidine-rich substrates and histamine- 
, forming bacteria, to the actual isolation of the histamine so formed. 
Since histamine is present in the normal gut, obstruction must 
involve an increased production of this amine, a change in its 
absorption or detoxication by the mucosa, or all these factors; 
else no systemic symptoms could appear. 

Histamine is probably only one of the amines formed by protein 
decomposition and is more important only in that it is the most 
active. The other putrefaction products must all contribute 
their toxicities to the total. 

Combined Histamine also Present in Loop Fluid. Evidence for a 
^^Peptamine Histamine P 

Proteoses as well as amines may play a significant part in the 
obstruction toxemia. A toxic proteose fraction has been isolated 
from loop fluid by Whipple and his collaborators (24), which re- 
sembles loop toxin in activity, including the anticoagulant action. 
Also it is alcohol-insoluble, as part of the loop toxin is. Certain 
properties, however, the two do not appear to possess in common, 
for no proteose can resist the chemical treatment which the loop 
toxin withstands, for example boiling with 20 per cent HCl. 
These facts would all be brought into harmony by the presence of 
a histamine proteose of the nature of the peptamines synthesized 
by Guggenheim (39), and which gave a histamine-like action. 

Bacteria having the power of decaiboxylating free histidine 
might well attack the exposed carboxyl group on a histidine 
molecule attached by its imidazole group to a protein chain, A 
compound, such as would be formed by this process, should be 
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alcohol-insoluble^ non-diffusible tlu-ough collodion, yield histamine 
upon hydrolysis, and show a histamine-like pharmacodynamic 
action with a peptone-like action {e,g. anticoagulant) super- 
imposed. xicid hydrolysis would not materially decrease its 
toxicity, as the histamine so liberated would compensate for the 
proteose linkings destroyed. These are exactly the properties 
of one of the loop toxins. 

The red dye used as a test for histamine is formed by the coup- 
ling of the diazotate (or its tautomeric nitrosamine) with the 
imidazole nucleus. The peptamine above postulated would have 
this nucleus combined with the peptide chain, and should give, 
a feebler color test for histamine than would the hydrolysate. 
This difference between free and combined histamine, and their 
different alcohol solubilities, make possible the following analy- 
sis for the peptamine form. 

Sample 5. — ^5 mg. of histamine dihydrochloride were added to 50 cc. of 
fresh fluid from a closed loop of jejunum, and the whole was boiled. Coag- 
ula which formed were removed by centrifuging the whole after 24 hours; 
washed; and the washings added to the original red opalescent supernatant 
liquid. Over half the added histamine dihydrochloride was carried down 
in the coagulum, as only 2.4 mg. were subsequently recovered. This shows 
that the losses in the early experiments, recorded above, w^ere indeed due 
to adsorption. The fluid and w^ashings (45 ce.) were treated with 5 volumes 
of 95 per cent alcohol and the whole was allowed to stand over night. A 
gummy orange precipitate formed, which was filtered from the alcohol 
solution and washed. The alcohol filtrate was clear and of a mahogany 
color. Analysis showed this to contain all the free histamine recovered. 

The alcohol precipitate was extracted wuth boiling water, and the solu- 
tion divided into 2 parts. One was at once extracted with amyl alcohol and 
acid, and the final histamine fraction tested colorimetrically. There ivas 
no color formed. The other part was hydrolyzed by refluxing for 70 hours 
with 20 per cent HCl and then distilled in mmo twice as with Sample 1. 
The residue from the second distillation was extracted with amyl alcohol 
and acid- The histamine fraction finally obtained gave a color test corre- 
sponding. to 0.6 mg. of histamine dihydrochloride for the alcohol precipitate. 
This precipitate,, therefore,, contained no free histamine before hydrolysis 
but did contain some after hydrolysis. 

Sample T, — portion of this was tested by Koessler and Hankers method 
for histamine, as detailed above. 30 cc. of the remainder -were treated with 
5 volumes of 95 per cent alcohol and allowed to stand over night. A precip- 
itate repaoved. by filtration, and suspended pn water (Fraction 7PS). 
This caused a slight drop in blood pressure on intravenous injection, but not 
so marked as that caused by the alcohol filtrate (Fraction 7FA) which 
contained the free histamine (See Fig. 1). 
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Part of tlie suspension (Fraction TPS) was at once extracted and h 
histamine fraction secured. This gave a slightly green color test which, if 
all due to histamine, would correspond to 0.25 mg. for the whole alcohol 
precipitate, The remainder of the suspension was hydrolyzed by refluxing 
with 20 per cent HCl for 35 hours, and then treated as the similar fraction in 
Sample 5. The final histamine fraction gave a color value corresponding 
to 1.0 mg. of histamine dihydrochloride for the whole alcohol precipitate, 
or 0.75 mg. more than before hydrolysis. This sample, therefore, also 
shows the presence of combined histamine. 



Fig. 1. Typical tracing. Dog. Ether anesthesia. Carotid blood pres- 
sure. i ^ = injection of 1 cc. of the alcohol filtrate of Fluid 7 (Fraction 
7FA). i 2 == injection of 1 cc. of a water solution of the alcohol precipitate 
of Fluid 7 (Fraction TPS). 2 cm. = 1 min. 

SUMMAEY OF EESXJLTS. 

Table I shows the presence of histamine in seven out of eight 
loop fluids analyzed. The fluid that contained none had been 
formed under sterile conditions and had caused no symptoms. 
The presence of histamine in sterile as well as loop mucosa, 
however, forbids the conclusion that this amine can be formed 
only through the agency of bacteria. The presence of a peptamine 
histamine is shown for two samples of loop fluid. The chemical 
properties and biological action of closed loop fluids may be 
accounted for by their content of free and combined histamine, 
though other toxins surely are present. 

CONCLUSIONS. 

1. Histamine is present in the contents of isolated closed loops 
of the large or small intestine. The amount varies in different 
samples; 2 to 3 mg. of histamine dihydrochloride per 100 cc. of 
fluid being a fair minimum average. 
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TABLE I. 


Sample of 
loop fluid. 

Total 

volume. 

Total content 
of iiistidine 
diliydrochlo- 
ride. 

Content per 
100 cc. of 
histidine dihy- 
drochloride. 

Total content 
of histamine 
dihydrochlo- 
ride. 

Content per 

1 100 cc. of 

histamine dihy- 
drochloride. 


i cc. 

mg. 

mg. 

mg. 

mg. 

1 

90 



0.5 

0,6 

2 

130 

101 

1 98 

1.7 

1 1.3 . 

6 



I 

Plus. 

Pius. 

7 

200 


' 

6.2 

3.1 

8 

100 (gm.) 

15 

15 

14.0 

1.4 



i 

(per 10 gm.) 


(perlOgm.) 

9 

40 

29 

73 

0.8 

2.0 

10 

125 

37 

SO 

3.3 

2.7 ' 

11 

200 

280 

140 

0.0 

0.0 

10 Mucosa. ' 

6 (gm.) 

31 

52 

0.3 

0.5 




(per 10 gm.) 


(per 10 gm.) 

11 

6 (gm.) 

2.4 

4 

10.0 

16.7 




(perlOgm.) 


(perlOgm.) 


Sample of loop fluid. 

Total combined histamine in alcohol-insoluble portion. 
Histamine dihydrochioride. 


mg. 

5 

0.6 (from 50 cc. of fluid.) 

7 

0.75 (from 30 cc. of fluid.) 


2. A combined histamine derivative is also present in obstruc- 
tion fluid. Evidence is presented that this is of peptide nature. 

3. The sterile secretion of jejunum contains no histamine (1 
experiment.) . 

4. Sterilemucosaof the jejunum contains histamine (1 experiment) ; 
as does the mucosa of closed loops of the jejunum (1 experiment). 

5. Histidine is present in loop fluid and mucosa. 

6. Histamine is carried down in heat and acid coagula of loop 
fluidj and small amounts may be adsorbed in the alcohol precipi- 
tate from loop fluid. 

The writer wishes to express his indebtedness to Professors 
A.'' J, Carlson and L. R. Dragstedt for much valuable aid and 
counsel throughout this work, to Professor P. C. Koch for pure 
histidine dihydrochloride kindly supplied by him and for other 
kindnesses^ and to Drs. M. T. Hanke and K. K. Koessler for 
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the gift of 1 gm. of histamine dihydrochloride and other assist- 
ance. The experimental work has been much facilitated by the 
able assistance of Mr. Harold Klawans. 
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THE UTILIZATION OF CALCIUM AND PHOSPHORUS OF 
VEGETABLES BY MAN. 

Bt N. R. BLATHERWICK and M. LOUISA LONG. 

{From the Chemical Laboratorxj of the Potter Metaholic Clinic, Santa Barbara 
Cottage Hospital, Santa Barbara.) 

(Received for publication, February 16, 1922.) 

The mineral metabolism in diabetes has assumed greater im- 
portance because of the recent tendency to prescribe a lower intake 
of protein, as suggested by Newburgh and Marsh (1920). This 
lowering of the protein entails a consequent reduction of the 
phosphorus. Typical diabetic diets in this Clinic show protein 
intakes of from 25 to 60 gm. daily. It has long been customary to 
allow diabetics large amounts of vegetables because of their low 
content of carbohydrate.* 400 to 800 gm. are the ordinary amounts 
allowed. With such diets the question arises: Are the calcium 
and phosphorus available for the needs of man? We know from 
the experiments of Rose (1920) that the calcium of carrots is well 
utilized by man, as contrasted with the results obtained by 
McClugage and Mendel (1918) who found poor utilization of the 
calcium of carrots and spinach when fed to dogs. The present 
authors have been unable to find any experiments dealing with the 
availability of vegetable phosphorus for man. It is perhaps not 
generally known that the phosphorus of washed wheat bran, which 
is often fed to diabetics, is not available; whereas a certain part 
of the phosphorus of unwashed bran is asshxdlated.^ It occurred 
to us that vegetables containing much cellulose might also give 
a similar result when eaten by man. In view of the foregoing 
points, investigation of this problem seemed desirable. 

Plan of Experiment 

Two healthy, young women volunteered as subjects for the 
study. Subj’ect O was 24 years of age and weighed 57 kilos, 

i Unpublished observations from this laboratory. 
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while Subject L was 29 years old and weighed 57.3 kilos. These 
subjects engaged in their usual activities; one as a nurse and the 
other as a laboratory assistant. 

The diet in the first period of 4 days was so planned as to ap- 
proximate as closely as possible the maintenance requirements 
for calcium; phosphorus, and nitrogen as given by Sherman (1920, 
a, by and c). For the second period of 7 days, the diet of Subject 
0 was altered by the substitution of 0.5 gm. of phosphorus with an 
equivalent amount of phosphorus from vegetables. The diet of 
Subject L in the second period differed from that of the first by the 
addition of 0.5 gm. of vegetable phosphorus. 

Methods. 

The following analytical methods were used in this study: 
calcium, McCrudden (1909-10 and 1911-12); phosphorus in urine. 
Bell and Doisy (1920); phosphorus in feces, Meigs, Blatherwick, 
and Cary (1919); nitrogen, Folin and Wright (1919); and pH, 
Palmer, Salvesen, and Jackson (1920-21). 

The commonly accepted values, as given in the different books 
by Sherman, were used in computing the calcium and phosphorus 
contents of the diets. Separation of the feces was accomplished 
with the aid of charcoal. 

Of the vegetables eaten: lettuce was taken uncooked; asparagus 
was of the canned variety; celery and spinach were cooked, and the 
excess fluid concentrated so that none was lost; summer squash 
was steamed; and the cabbage was boiled. The juice from the 
latter was drunk by Subject L but was refused by Subject O. Tests 
made upon this juice revealed only a trace of phosphorus by the 
colorimetric method. Distilled water was used in cooking the 
vegetables, and only distilled water was drunk. Chemically 
pure sodium chloride was also used throughout. 

Table I shows the kinds and amounts of foods consumed in the 
two expearimental periods. 

RemUs. 

In Tables II and III are given the daily values obtained for the 
urines of the two periods. It will be noted that the pH of the 
urines resulting from the vegetable period are distinctly less acid, 
as would be expected from the preponderance of base-forming 
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TABLE I. 

Kinds and Amounts of Foods Eaten, with Daily Intake of Calories, Protein, 
Calcium, and Phosphorus, 


Subject O. Subject L. 



Period I. 

Period II. 

Period I . 

Period II. 


gm. 

gm. 

gm. 

gm. 

Bread 

100 

150 

150 

150 

Beef, lean 

100 


100 

100 

Milk. 

150 


220 

220 

Egg yolk 

25 




Butter ; 

105 

105 

105 

105 

Sugar 

40 

40 

20 

30 

Apple, edible portion 

160 

160 

160 

160 

Potato, edible portion 

100 

50 

100 

100 

Cream, 36 per cent. 

Coffee 

30 

30 


i 

Tea 

Egg white 


150 



Olive oil 


20 


30 

Vinegar 


25 


25 

Cabbage 


200 . 


200 

Celery 


; 200 


200 

Squash, summer 


200 


200 

Spinach 


100 


100 

Lettuce 


100 


100 

Asparagus 


200 


200 

Calories 

2,009 

2,055 

1,777 ' 

2,271 

Protein 

48.7 : 

46.0 

46.1 

56.1 

Nitrogen 

7.79 

7.36 

7.38 

8.98 

Phosphorus 

0.756 

0.751 

0.670 

1.174 

Calcium 

0.335 

0.508 

0.358 

0.742 


elements in these diets. The urine of both subjects on the last 
experimental day showed lower values for all constituents than on 
the preceding days. These have not been included in the totals 
for the period. In computing the totals for Period II, the averages 
for the first 6 days have been called the elimination for the 7th 
day and calculations for the period based on these figures. In- 
clusion of the values as determined would favorably influence 
all the balances. 

Table IV shows the intake, output, and balance of calcium, 
phosphorus, and nitrogen for the various periods; also the daily 
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TABLE II. 


Daily Output of Calcium, Phosphorus, and Niti'ogen in Urine (Subject 0). 


Period. 

Day. 

Volume. 

pH 

Ca 

P 

K 

I 

1921 

Dec. 7 

cc. 

700 

6.0 

gm. 

0.086 

gm. 

0.53 

gm. 

7.97 


« s 

525 

6.6 

0.104 

0.47 

7.82 


“ 9 

510 

5.9 

0.103 j 

0.46 

S.16 


1 “ 10 

1,220 

6.0 

0.089 

0.50 

8.25 

II 

11 

1,120 

6.7 

0.116 

0.42 

8.56 


12 

1,330 

6.9 

0.0S4 

0.51 

8.54 


13 

1,095 

6,5 

0.076 

0,37 

8.12 


14 

1,470 

6-5 

0.099 

0.46 

8.58 


15 

1,590 

6-6 

0.086 

0.40 

7.71 


« 16 

1,170 

6.5 

0.075 

0.51 

7.21 



1,270 

6.4 

0.076 

0.29 

6.05 


* Not used in computing totals. Average of 6 preceding days used for 
7tli day in calculating totals for period. 


TABLE III. 


Daily Output of Calcium, Phosphorus, and Nitrogen in Urine (Subject L). 


Period. 

Day. 

Volume. 

pH 

Ca 

P 

N 


i9ii 

i cc. 


gm. 

gm. 

gm. 

I 

Dec. 7 

935 

6.1 

0.114 

0.57 

7.61 


« 8 

885 

5.5 

0.098 

0.52 

6.79 


“ 9 

560 

5.4 

0.103 

1 0.41 

5.89 


« 10 

1,500 

6.2 

0.155 

0.53 

6.51 

II 

i 11 

795 

6.7 

0.108 

0.57 

6.82 


« 12 

1,425 

6.6 

0.131 

0.57. 

6.61 


“ 13 

1,690 

6.7 

0.120 

0.55 

6.11 


“ 14 

2,095 

6.5 

0.139 

0.57 

6.89 


“ 15 

1,265 

6.3 

0.125 

0.55 1 

6.08 


16 

1,710 

6.9 

0.120 

0.55 

6.70 


« 17=*= 

1,320 

6.5 

0.099 

0.45 ; 

5.68 


Not used in computing totals. Averages of 6 preceding days used for 
Till day in calculating totals for period. 


balance of the three elements. Subject 0 in Period I is seen to 
have been in decided negative balance. In the following period, 
in which 0.5 gm. of phosphorus was substituted with an equivalent 
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amount from vegetables, the calcium and phosphorus balances 
became positive, while the nitrogen balance remained negative. 
In the case of Subject L, her phosphorus and nitrogen balances 
in Period I were slightly negative, and the calcium balance was 

TABLE IV. 


Intake, Output, and Balance of Calcium, Phosphorus, and Nitrogen. 



Subject 0. 

Subject L. 


Period I. 
Dec. 7-10, 1921. 

Period II. 
Dec. 11-17, 1921. 

Period I. 
Dec. 7-10, 1921. 

Period II. 
Dec. 11-17, 1921. 

Calcium. 





Food, gm 

1.340 

3.556 

1.532 

5.194 

Urine, gm 

0.382 

0.625 

0.470 

0.S6S 

Feces, gm 

2.017 

2.396 

1.570 

2.963 

Balance, gm 

- 1.059 

+ 0.535 

- 0.50S 

+ 1.363 

Daily balance, gm. 

- 0.265 

+ 0.076 

- 0.127 

+ 0.195 

Phosphorus. 





Food, gm 

3.02 

5.26 

2.6S 

8.22 

Urine, gm 

1.90 

3.12 

2.03 ■ 

3.92 

Feces, gm 

1.53 

1.45 

0.93 

1.51 

Balance, gm 

~ 0.47 

+ 0.69 

- 0.28 

+ 2.79 

Daily balance, f/m. , 

- 0.118 

+ 0.099 

- 0.07 

-f 0.40 

Nitrogen. 





Food, g7n 

31.17 

51,52 

29.50 

62.83 

Urine, gm 

32,20 

56.84 

26.80 

45.75 

Feces, gm 

5.29 

9.34 

3.45 

7.69 

Balance, gm 

- 6.32 

-14.66 

— 0.75 

-F 9.39 

Daily balance, gm. . 

1.58 

- 2.09 

- 0.19 

+ 1.34 

Remarks. 

Basal diet. 

0.5 gm. P 
of Diet I 
substi- 
tuted 
with 0.5 
gm. veg- 
etable P. 

Basal diet. 

0.5 gm. 
vegetable 
P added 
to Diet 

I. 


definitely negative. Upon adding 0.5 gm. of phosphorus from 
vegetables in the following period, the balances for all three ele- 
ments became strongly positive. Separation of the feces of 
Subject 0 in Period I was not definite, and it is possible that this 
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accounts for the rather larger negative balances of calcium and 
phosphorus. However, if computations are made for the whole 
experiment, Subject 0 showed equilibrium for phosphorus, a 
daily negative balance of 0.048 gm. of calcium, and a decidedly 
negative nitrogen balance. The diet of this subject was probably 
of insufficient caloric value, as indicated by the loss of nitrogen 
but even under these conditions she was able to maintain phos« 
phorus equilibrium and to approximate calcium equilibrium when 
the greater part of those elements was derived from vegetables. 
It would appear that the daily intake of calcium in Period I of 
0.335 gm. for Subject 0 and of 0.358 gm. for Subject L was in- 
sufficient for maintenance. The relatively short length (4 days) 
of this period, however, does not allow of definite conclusions. 

This study corroborates the findings of Rose (1920) regarding 
the availability of calcium derived from vegetables. The poor 
utilization by dogs of the calcium of carrots and spinach observed 
by McClugage and Mendel (1918) may have resulted from the 
drying of these before feeding. For instance, Hart, Steenbock, 
and Hoppert (1921) have recently shown that the calcium of 
green plant tissue was better assimilated than that of the dried 
product when fed to goats. 

Our results demonstrate conclusively the availability of the 
phosphorus contained in vegetables. 

SUMMARY. 

Data are presented which indicate that calcium and phosphorus 
derived from vegetables are capable of meeting the maintenance 
needs of man. 

It is a pleasure to acknowledge our hearty thanks to Miss 
Florence H. Smith, Dietitian, whose careful supervision of the 
diets made this study possible. 
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A METHOD OF QUANTITATIVE DETERMINATION OF 

TRYPSIN. 


A MOBIFICATION OF GROSS’ METHOD. 

By SOTARO KAI. 

{From the Biochemical Laboratory^ University of Cincinnatij Cincinnati,) 
(Received for publication, December 6, 1921.) 

Casein is hydrolyzed by trypsin in alkaline, neutral, or faintly 
acid solutions. The first product of hydrolysis is paracasein; 
next, caseoses; and finally, amino-acids. Casein and paracasein 
are precipitated by acetic acid, but its further hydrolytic products 
are not. The failure to obtain a precipitate with acetic acid 
marks the stage at which the last trace of paracasein has been 
hydrolyzed to the caseoses. 

Based on this fact, Gross^ derived a method for a quantitative 
determination of trypsin. His procedure is as follows: Into each 
of a series of test-tubes, 10 cc. of an alkaline casein solution, 
which has been prepared by dissolving 1 gm. of dry casein and 1 
gm. of Na 2 C 03 in 1,000 cc. of distilled H 2 O, are introduced. To 
each of these tubes, increasing quantities of trypsin solution are 
added, and the tubes are incubated in a thermostat kept at 40°C. 
After 15 minutes of digestion, a few drops of 10 per cent acetic 
acid are added to each tube. A turbidity will be produced in 
those tubes in which digestion is incomplete. The concentration 
is then calculated from the smallest quantity of the trypsin solu- 
tion which does not produce the turbidity. 

During the course of a study in the nature of proteolytic en- 
zymes, where a large number of digestion experiments had to be 
conducted, we felt this apparently simple method might be still 
further simphfied. The difficulties with Gross^ method are: (1) 
It is very hard to get an end-point of digestion; (2) it requires too 

1 Gross, 0., Arch, exp. Path, u, Pharmacol,, 1908, Iviii, 157. 
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many test-tubes; and (3) unnecessarily large amounts of the 
casein and unknown trypsin solutions are required. 

Although the original method is of service the following modi- 
fication might be found useful. 

Reagents. 

The Alkaline Casein Solution. — Dissolve 0.1 gin. of pure casein 
in 15 cc. of 0.1 N NaOH. Add 400 cc. of distilled HoO and titrate 
10 cc. of this solution until just colorless to phenol phthaleiuj 
using 0.01 N HCl. Add a corresponding amount of the acid to the 
remainder and make up to 500 cc. (0.2 per cent casein solution). 

Mixture of Sodium Hydroxide and Acetic Acid—l^i) cc. of this 
solution contain 17.2 cc. of normal soda and 33.7 cc. of normal 
acetic acid. 

Standard Trypsin Solution. — Dissolve 0.01 gm. of good commer- 
cial trypsin in 10 cc. of H 2 O; filter it off and add toluene. 

If 2 cc. of alkaline casein solution are mixed in a test-tube with 
1 cc. of sodium hydroxide-acetic acid mixture, a white cloudiness 
will appear as usual. When it is digested to caseoses, this white 
precipitate will no longer be produced. The method is, therefore, 
to compare the time necessary for the unknown to digest to a 
point where no turbidity is formed when mixed with acetic acid- 
sodium hydroxide mixture, to the time required for a known 
standard trypsin to digest the same concentration of the casein 
under exactly identical conditions. As will be shown later, the 
concentration of trypsin of the unknown and the standard are 
inversely proportional to the time required to complete digestion 
to a point where no turbidity is produced by mixing the casein 
and sodium hydroxide-acetic acid mixture. 

Method. 

Transfer 25 cc. of the stock alkaline casein solution to each of 
two 50 cc. flasks. Warm to 40°C. in the thermostat. To one of 
these add 1 cc. of the standard trypsin solution, and to the other, 

1 cc. of the unknown, noting the time of this addition. Mix well 
and replace in the thermostat. At intervals of 5 to 10 minutes, 

2 cc. of the digesting mixture are pipetted off from each flask, 
and mixed with 1 cc. of sodium hydroxide-acetic acid mixture in a 
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test-tube. Note the time at which the digest fails to give any 
white precipitate. The standard under this condition vill usually 
require about 15 to 20 minutes. If the unknown requires twice 
as long as the standard, its concentration is | of the concentration 
of the standard. 


RESULTS. 

Relation of Concentration of Trypsin and Time of Digestion, 

British Drug House trypsin was used to determine the relation 
between the concentration of the trypsin and the time of digestion 
(Table I). 

TABLE I. 


Test-tube 

No. 

Alkaline 
casein solu- 
tion. 

Trypsin 
solution 
(0.1 per cent 
solution). 

H 2 O added. 

Final 

1 concentra- 
; tion 

of trypsin. 

Time of 
digestion 
completion. 

Time X con- 
centration 
of trypsin. 


cc. 

cc. 

cc. 

per cent 

min. 


1 

25 

0.25 

1.75 

0.000925 

56 

0.0518 

2 

25 

0.5 

1.5 

0.001851 

i 28 

0.0514 

3 

25 

1.0 

1.0 

0.003703 

14 

0.0518 

4 

25 

1.5 

0.5 

0.005555 

91 

0.0527 

5 

25 

2.0 

0 

0.007407 

7 

0.0518 


To find the concentration of trypsin in times of British Drug 
House trypsin, it is only necessary to divide 0.0518 by the time 
required for digestion to a point of no precipitation. 

Relation between Concentration of Casein and Time of Digestion, 


With the concentration of casein as variable, and that of enzyme 
as constant, the time of the digestion was studied. The result is 
given in Table II. 

TABLE II. 


Test-tube 

No. 

; Alkaline 
casein so- 
lution (0.2 
per cent) . 

Trypsin 

solution. 

H 2 O 

added. 

Final con- 
centration 
of casein. 

Time of 
comple- 
tion. 

Time of completion 

Concsentration of casein 


cc. 

cc, 

cc. 

per cent 

min. 


1 

15 

1 

15 

0.09668 

9 

93 

2 

20 1 

1 

10 

0.12902 

12 

93 

3 

25 

1 

5 

0.16128 

15 

93 

*4 

30 

1 

0 

0.19354 

18 

93 
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CONCLUSIONS. 

From Tables I and II the following relationships are clear: 

1. The rate of digestion is simply proportional to the amount 
of trypsin and the time of the digestion is^ therefore, inversely 
proportional to the concentration of the trypsin, that is, the time of 
concentration of enz3nne multiplied by the time of digestion is 
a constant. 

2. The rate of digestion is inversely proportional to the amount 
of casein and the time of digestion is, therefore, directly propor- 
tional to the concentration of the casein, that is, the time of di- 
gestion divided by the concentration of casein is constant. 

To determine any concentration of enzjnne with any concentra- 
tion of casein, the following formula might be used: 


“ concentration of casein. 
P = time required. 

Ki and = constants. 

Since 


Ki 


and - = Ki 

Q 

casein 

Ty-O ^ = Ki+Ki 

casein 


trypsin ‘ ^ 


' trypsin ' 


casern 
Ki 4 " Ki 


Ki 4 - Kj 
T 

1 



THE PARTIAL PRESSURE OF OXYGEI^ IN THE BLOOD 

DURING PROGRESSIVELY INDUCED ANOXEMIA, 


By CHARLES W. GREENE, 

{From the Department of Physiology and Pharmacology^ Laboratory of 
Physiology j University of Misson^ri, Columbia,) 

AND CARL H. GREENE. 

{From the Section on Medicine, Mayo Clinic, Rochester.) 

(Received for publication, February 23, 1922.) 

We have studied the passage of oxygen through the pulmonary 
epithelium during progressively induced anoxemia.^ The dog is 
remarkably resistant to the effects of a lowered oxygen tension in 
the inspired air. He will maintain both respiration and an ade- 
quate circulation when breathing air containing from 3 to 4 per 
cent of oxygen. Man, on the other hand, becomes unconscious 
or 'Taints’^ when the oxygen is reduced to between 5 and 8 per 
cent. Data have not been reported regarding the relationship 
between the oxygen content of the inspired air which produces 
unconsciousness in man and that which leads to a stopping of 
respiration. Comparison, however, indicates that the dog is a 
most favorable animal for the experimental study of the mecha- 
nism controlling the passage of oxygen through the pulmonary 
epithelium. 

Two series of experiments were carried out in a study of the 
problem. Dogs were operated on under chloretone analgesia that 
did not suppress or weaken either respiratory or vascular reflexes. 
A rebreather^ ^ apparatus was connected by a short tracheal tube 
and the animal was allowed progressively to exhaust the oxygen 
from the air enclosed in the system. The carbon dioxide was 
absorbed by potassium hydroxide and completely removed from 
the inhalant air. Graphic records of the blood pressure and the 

1 Reported before the 34th Anmial Meeting of the American Physio- 
logical Society, New Haven, December 27, 1921. 
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respiration were taken as the aniinal progressive!}'’ exhausted the 
ox^'-gen from the air enclosed in the apparatus and samples of air 
and arterial and venous blood drawn simultaneously at intervals 
during the course of the experiments. The blood samples were 
analyzed for their oxygen content and the air for oxygen and car- 
bon dioxide. 

In the first series of experiments analyses were made of the in- 
halant air. The oxygen content of the inhalant air was, of course, 
greater than that of a corresponding sample of alveolar air. In 
the second and more extensive series of experiments, alveolar air 
was drawn through a small sound inserted deep in the bronchial 
tree, just short of occluding the terminal bronchus. This method 
gives a mixed sample of alveolar air which must closely approach 
the average composition of the’ air in contact with the pulmonary 
epithelium. The air samples were analyzed by the Haldane 
method. The blood analyses were made by a modification of 
the Van Slyke method. In a few tests, arterial blood samples 
were also equlibrated against the alveolar air. 

The systemic effects of anoxemia are described for both man 
and dog in the rapidly growing literature. Greene and Gilbert 
(1921, a and h) have reported the detailed effect of anoxemia in 
the production of heart inadequacy in man and (1922) on the heart 
and circulatory system of the dog. Fig. 34 of their 1922 paper 
presents the typical course of a progressive anoxemia carried to a 
fatal termination. The blood pressure, like that of a man under- 
going the rebreather test, rises sharply towards the crisis and falls 
rapidly soon after respiration ceases. The respiratory activity 
sharply increases both in rate and in amplitude as anoxemia pro- 
gresses. This has been shown by Greene (1922) for man and dog 
and by Schneider and his colleagues in the reports from the 
Medical Research Laboratory of the United States Army (1919). 
These circulatory and respiratory , compensations profoundly in- 
fluence the partial pressure of oxygen in the alveolar spaces and in 
the blood. Large respirator}" and circulatory minute volumes 
favor the passage of oxygen through the pulmonary epithelium 
regardless of the theor}'^ proposed to explain such passage. 



C. W. Greene and C. H. Greene 


139 


Methods. 

Afiesthesia.— Light cHoretone anesthesia or analgesia was used 
throughout the experiments. Chloretone dissolved in oil was 
given intraperitoneally in amounts of about 0.3 gm. per kilo. The 
solubility of chloretone in cottonseed oil varies sharply with the 
temperature. If the solution is heated and the crystals remelted 
just previous to use, no difficulty is experienced. Dogs vary in 
their susceptibility to chloretone (apparently because of the varj^- 
ing amount of stored fat), so that it was the practice to give less 
than the foregoing dose at the first injection and to supplement 
this later if desired. 

The Rebreather. — A rebreather with a 6 liter spirometer was 
used. Including the dead space of a carbon dioxide absorber 
and connecting tubes, the total capacity was 7 liters. A two-way 
flutter valve system controlled the passage of the expired air 
through the carbon dioxide absorber, which was filled with ^^shell’^ 
potassium hydroxide. 

A large straight tracheal cannula was inserted in all cases. A 
four-way connecting tube permitted the introduction of a tracheal 
sound for the withdrawal of samples of the alveolar air. The 
movements of the spirometer served to record the respiratory 
rate and amplitude. The rebreather was always filled with nor- 
mal air at the beginning of an experiment. 

Blood Pressure and Blood Samples. — The blood pressure was re- 
corded from the left carotid artery, the record running synchronously 
with that of the respiration. The right jugular vein and the 
right femoral artery were isolated before the experiment was made 
in order that blood samples could be withdrawn at any time with- 
out stasis or delay. 

The Alveolar Air Sample. — Samples of alveolar air were with- 
drawn through a No. 33 F. catheter inserted as deeply in the lung 
as possible. The catheter was inserted until the bronchus was 
completely occluded and then withdrawn 1 cm., or until the pas- 
sage of air around the catheter became free. Direct measure- 
ment showed insertion to about the level of the xiphoid process. 
Postmortem examination regularly showed* the catheter to be 
deeply inserted in one of the smaller bronchi of the middle or 
lower lobe of either lung. 



140 Oxygen in Blood in Induced iinoxemia 


Air samples were collected evenly and regularly through eight 
or ten respirations. Under these conditions a correct sample of 
mixed alveolar air w^as obtained. The greatest danger of con- 
tamination was from the dead air of the trachea and the larger 
bronchi. The deep situation of the catheter in the smaller bronchi 
tends to guard against such contamination. During the latter 
two-tliirds of expiration the tracheobronchial tree is completely 
washed out with true alveolar air. 

Blood Oxygen Determination. — Ox3’'gen determinations were 
made by themethod and apparatus of Van Styke (1918). This 
method was chosen rather than that of Barcroft (1914) because of 
the greater facility of analysis and because the construction of the 
gas pipette permitted the use of varying quantities of blood for 
analysis. The Barcroft apparatus is of doubtful accuracy when 
blood of very low oxygen content is to be analyzed, and the use of 
larger quantities of fluid than those for which the apparatus was 
designed is not desirable. The Van Styke analyzer permits the 
analysis of double quantities of blood when the effects of "low 
oxygen tensions are to be studied. With 4 cc. samples of blood a 
smaller amount of ammonia solution was used in order not to 
disturb the volume relations for which the gas pipette was de- 
signed. These larger quantities required more time and greater 
care in analysis in order to secure the extraction of all the oxygen, 
but the results were in entire agreement with duplicate analyses 
of 2 cc. samples. No constant difference was observed between 
the two sets of analyses.^ 

The tables first published by Van Slyke (1918) permit of the 
calculation of the oxygen content of a given blood sample with a 
reasonable degree of accuracy, but certain minor errors are present 
in this calculation. In our series of analyses, the extracted gases 
were washed with normal sodium hydroxide to absorb traces of 
carbon dioxide liberated during the analysis. The oxygen actually 
present was then determined by absorption with Haldane^s alka- 
line pyrogallol solution. Bohr (1909) reported the absorption co- 
efficient of nitrogen in whole blood as being 0.9 volume per cent; 

® Van Slyke and Stadie (1921) have described the measurement of small 
amounts o! gas under reduced pressure to permit of more accurate volume 
readings. Our work was completed before the publication of Van Slyke 
and Stadie and we were not familiar with this procedure. 
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but found that venous blood actually contained 1.23 volumes per 
cent. Buckmaster and Gardner (1912) and later Smithy Dawson, 
and Cohen (1920) have confirined these findings of a higher nitro- 
gen content in venous blood than could be accounted for by the 
absorption coefficient. The residual nitrogen in the gas pipette 
after absorption of the oxygen was then corrected for the nitrogen 
present in the blood sample, using the data of Bohr as a standard. 
The excess of inert gas was considered as representing air arising 
either from leaks in the apparatus or incomplete extraction of all 
reagents.® The amount of oxygen found was corrected for the 
presence of this air. A similar correction was made for the amount 
of oxygen carried in physical solution in the blood. This was 
calculated from the alveolar oxygen tension and the absorption 
coefficient of 0.022 for whole blood at 38°C. reported by Bohr 
(1905). The corrected volume of oxygen was reduced to standard 
temperature and pressure and the content of the blood sample 
calculated in terms of voiimi.es per cent (Table I). The oxygen 
capacity of all blood samples was determined directly and calcu- 
lated by the same method as the oxygen content. 

Oxygen analyses calculated according to this method are from 
2 to 3 volumes per cent lower than when calculated according to the 
original method of Van Slyke. There was no significant difference 
between the figures for the percentage saturation of the blood ob- 
tained by either method of calculation, though the method fol- 
lowed gave rather better agreement between duplicates. The 
average deviation between duplicate analyses throughout the en- 
tire series of experiments was 0.40 volume per cent. The error in 
the deternaination of the percentage saturation of the arterial 
samples, therefore, was less than 5 per cent. Van Slyke and Stadie 
were able to secure slightly better agreement between duplicate 
analyses by the use of a small bore gas pipette. The differences, 
however, are entirely insignificant and the present method of ^ 
analysis is practically identical with that of Van Slyke and Stadie. 

The Equilibration ,- — The ox^^gen capacity of the blood sample 
was determined after saturation with atmospheric air at 38°C. 
according to the usual method. 

® Van Slyke and Stadie found that the nitrogen content of venous blood 
was 1.36 volumes per cent. They make no correction for air in the appara- 
tus. These differences in technique are entirely incidental and will have 
no significant effect on the relative accuracy of the results. 
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Arterial blood samples were equilibrated with the corresponding 
alveolar air by the method of MacCallum (1917). 4 cc. of blood, 

1 cc. of air-free water, and 45 cc.;„of alveolar air were trans- 
ferred to a Van Slyke gas pipette used as a tonometer, and shaken 
for from 20 to 30 minutes at 38®C. The gas in the tonometer was 
reanalyzed and the total gas exchange determined. The blood 
sample in the tonometer was then analyzed directly by the usual 

TABLE I. 


Analytical Protocols Illustrating the Method of Calculation of Oxygen Content 
of Arterial Blood (Dog 9). 



Experiment 31. 

Experiment 32. 


ce. 

1 cc. 

cc. 

cc. 

Blood sample 

Total gas liberated: barometer 743 mm.; 

4.0 

2.0 

4.0 

2.0 

temperature 20®G 

0.660 

0.345 

0.610 

0.286 

Residual N 

0.090 

0.060 

0.120 1 

0.040 

N due to residual air in apparatus 

0 calcu- 

0.036 

0.033 

0.066 

' 

0.013 

lated from N 

0.010 

0.009 

0.017 

0.003 

0 liberated from blood sample 

0.560 

0.276 

0.473 1 

0.242 

0 in physical solution in blood 

0.011 

0.006 

0.007 1 

0.003 

0 chemically bound by hemoglobin 

0.549 

0.270 

; 0.466 

0.239 

0 content of blood sample, nol. per cent. , . 

12.19 

11.98 

10.34 

10,60 

Average 0 content of arterial blood, vol. 





per cent.,. 

12.09 

10.47 

Average O capacity of blood, nol. per cent 

12.77 

12.77 

Saturation of arterial blood, per cent. 

94.6 

82.9 

Alveolar 0 tension, mm 

100.6 

64.0 

OOt mm 

33.8 

24.9 


^method. This method of equilibration was not entirely satis- 
factory, largely because of the difficulty in completely saturatiiig 
the blood sample in a tonometer of the dimensions used. ' 

Me&od of Sampling . — ^AU experiments began with a preliminary 
period with the animal breathing normal air. At a recorded 
signal, the tracheal cannula was connected to the rebreather and 
a record taken during the development of the anoxemia. 
When the desired level of anoxemia reached, simultaneous 
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TABLE II. 


Experiment 33, Nov. 3, 1921. Dog 9. Weight 15.4 kilos. Alveolar 
oxygen 3.75 per cent, carbon dioxide 2.58 per cent at the time of drawing 
samples- 


Time. 

Blood pressure. 

Heart rate. 

Respiratory 

rate. 

Respiratory 

amplitude. 

Normal. 

S3 

i 

99 

16 

mm. 

1 min. 

81 

108 

19 

7 

4 « 

CO 

lOS 

19 

7.6 

8 

82 I 

. 105 

21 

8 

20 

83 

108 

20 i 

9 

12 “ 

84 

114 

32 

11 

14 

85 

114 

30 ! 

16 

14 ‘‘ 30 sec.* 

S5 

112 1 

33 

20 

16 

108 

78 

33 to 16 
Slowing. 

31 


* Sample drawn during 20 seconds. 


samples of alveolar air, arterial blood, and venousblood were drawn. 
These three samples were taken by separate operators and an 
attempt was made to draw the samples at as nearly the same time 
and speed and in as few seconds as was consistent with accuracy. 
The taking of the three samples was recorded by signals on the 

TABLE III. 


Experiment 34, Nov. 3, 1921. Dog 9. Weight 15.4 kilos, Alvepfar 
oxygen 6.06 per cent, carbon dioxide 3.08 per cent at the time of drav^ihg 
samples. 


Time. 

Blood pressure. 

1 Heart rate. 

Respiratory rate. 

,/ Respiratory 
amplitude. 

Normal. 

68 

108 

22 i 

mm. 

1 min. 

68 1 

108 ! 

24 

'.6.2 

4 “ 

66 ! 

108 

23 

7.4 

8 “ 

74 : 

108 

28 

9.5 

10 

74 

112 

28 

11.0 

12 « . ^ 

68 

118 

27 

, 15.0 

13 “ 

64 ' 

111 

23 

20.0 


* Samples drawn through 20 seconds, blood pressure strikingly uniform, 
but dropped slightly during drawing sample. The arterial blpc]4' was 
per cent saturated (see Fig. 1). - 
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respiratory tracing. After the samples were withdrawn, the tra» 
cheal tube was disconnected and the animal allowed to breath 
normal air while the samples were analyzed and until the time 
for the test at the level of anoxemia next desired. Analyses were 
also made dining the recoveiy period following the series of 
anoxemia tests. 

A type record of the entire circulatory and respiratory reactions 
is given in Fig. 1. The data are assembled in Tables II and III. 

DISCUSSION OF EXPERmENTAL PROCEDURE. 

Barcroft and his collaborators (1920) have discussed the difS- 
culties incident to the direct determination of the arterial ox;^’gen 
content as an index to the percentage saturation in the lungs. The 
chief objection to this procedure arises from the possibility of 
self-reduction of the blood during the time necessary for analysis. 
In the present series of experiments the blood was analyzed im- 
mediately after withdrawal and in all cases not more than 10 
minutes elapsed betw’’een the taking of the sample and its analysis. 
Harrop (1919, a) found that mature erythrocytes in man showed 
no measureable oxygen consumption during 24 hours, and Bar- 
croft presented similar data. 

Greater possibilities of error are inherent in the analytical 
method. All apparatus was calibrated with the greatest care. 
The gas analyzers gave concordant readings and a single pipette 
was used for the measurement of the blood samples. Any cali- 
bration error in the analyses would be constant throughout the 
analytical series and should not affect the comparative values 
obtained. Van Slyke and Stadie (1921) have compared this 
method of analysis with the Haldane-Barcroft method and report 
results about 5 per cent higher when using the Van Slyke analyzer. 
This difference is constant and does not affect the relative values 
for the percentage saturation of the blood samples. 

The percentage saturation of the arterial blood in the normal 
dog averaged 95.6 per cent in our experiments. This value is on 
a par with the values found by Hiirter (1912), Stadie (1919), 
and Harrop (1919, 5), in the blood of normal men. 

The character of the respiration has a marked influence on the 
degree of saturation of the arterial blood. Harrop (1919, b) and 
Barach and Woodwell (1921, a) in particular have pointed out the 
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widely var3dng arterial saturation associated with alternating 
periods of apnea and dyspnea. The arterial anoxemia in pneu- 
monia is recognized as owing in large measure to the rapid and 
shallow respirations. Barach and Woodwell (1921, h) have also 
described a case of encephalitis with very rapid shallow respira- 
tions without pathological changes in the lungs. In this case the 
percentage saturation of the arterial blood was also greatly 
reduced. 

Doi (1921, b) states that the lowering of the blood pressure 
following hemorrhage reduced the oxygen intake of the cat. This 
he brought back to normal by the injection of gum-saline solution 


TABLE IV. 

Degree of Saturation of Arterial Blood in Animals Breathing Air Progressively 
Reduced in Oxygen Tension, 




Alveolar air. 

1 Arterial blood. 

Dog. 

Experi- 

ment. 

Oxygen. 

1 

Oxygen 

tension. 

Carbon 

dioxide 

tension. 

Oxygen 

capacity. 

; Oxygen 

1 content. 

i 

Saturation 

deter- 

mined 

directly. 

Saturation 

calculated 

from 

Barcroffs 
dissocia- 
tion curve. 



per cent 

mm. 

mm. 

vol. 

per cent 

vol. 

per cent 

per cent 

per cent 

9 

31 

14.38 

100.6 

33.8 

12.77 

12.08 

94.6 

91.0 


32 

8.61 

64.0 

24.9 

12.77 

10.47 

82.9 

: 84.0 


33 

3.75 i 

27.9 

19.2 

12.77 

3.66 

28.7 

j 30.0 


34 

6.06 

45.0 

22.9 

12.77 

7.01 

54,9 

60.0 


36 

18.60 

138.2 ! 

15.5 

12.77 

12.30 

95.0 


11 

47 

1.90 

14.6 

14.8 

7.88 

0.83 

10.5 

12.0 


with the restoration of the original blood pressure. The percen- 
tage saturation of the arterial blood changed slightly with the 
fall in the blood pressure. 

In the present series of experiments the relation of the circula- 
tory efficiency to the percentage saturation of the arterial blood is 
well shown by Dog 9, Experiments 32 (Table I'V)and 35 (Table V). 
The first blood sample was taken at the beginning of a long series 
of experiments. In the latter experiment the animal was in a 
weakened condition with the blood pressure running between 50 
and 60. Under the strain of the prolonged experimental rebreatb- 
ing tests, compensation partially failed, and the arterial saturation 
decreased more rapidly than did the alveolar oxygen tension. 
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TABLE V. 


Degree of Saturation of Arterial Blood in Animals Breathing Progressively 

Reduced in Oxygen Tension, 




Inspir- 
ed air. 

Arterial blood. 



Alveolar air. 

Arterial blood. 

Dog. 

Experiment. 

Oxygen ten- 
sion. 

Oxygen 

capacity. 

Oxygen con- 
tent. 

Saturation. 

bfl 

O 

Q 

Experiment. 

Oxygen ten- 
sion. 

Carbon diox- 
ide tension. 

Oxygen 

capacity. 

Oxygen con- 
tent. 

Saturation. 



TflTTl, 

vol. 

per 

cent 

vol. 

per 

cent 

per 

cent 



mm. 

mm. 

vol. 

per cent 

vol. 

per cent 

per 

cent 

1 

1 

159.3 

25.1 



7 

25 

85.4 

29.5 

16.30 

10.50 

64.5 


2 

21.1 

25.1 




26 

34.7 

20,5 

16.30 

4.25 

26.1 


3 

159.3 

25.1 

24.2 

96.4 









4 

22.3 

25.5 



8 

27 

133.0 

21.1 

11.70 

11.45 

98.7 








28 

127.0 

28.9 

11.70 

10.75 

94.5 

2 

5 

159.3 

16.6 

12.9 

77.5 


29 

40.0 

17.6 

11.70 

6.06 

52.3 


6 

20.5 

16.6 

2.9 

17.5 


30 

36.2 

27.5 

11.70 

2.29 

18.7 


7 

30.0 

16.6 

2.5 

15.0 









8 

159.3 

16.6 

12.9 

77.5 

9 

31 

100.6 

33.8 

12.77 

12.08 

94.6 








32 

64.0 

24.9 

12.77 

10.47 

82.9 

3 

9 

159.3 

13.1 

11.7 

89.5 


33 

27.9 

19.2 

12.77 

3.66 

28.7 


10 i 

23.5 

13.1 




34 

45.0 

22.9 

12.77 

7.01 

54.9 


11 

159. 3^ 

13.1 

10.4 

79.5 


35 

89.2 

26.7 

12.77 

8.16 

63.9 


12 

50.2 

13.1 

0.9 

6.9 


36 

138.2 

15.5 

12.77 

12.30 

95.0 








37 

73.3 

34.0 

12.77 

8.88 

64.0 

4 

13 

159.3 

22.9 

21.9 

95.6 









14 

14.9 

22.9 

2.2 

9.8 

10 

38 

92.0 

34.9 

15.44 

13.98 

90.6 


15 

159,3 

22.1 

20.8 

94.1 


39 

68.4 

36.5 

15.44 

12.53 

81.2 








40 

43.5 

36.0 

15.44 

8.60 

55.7 

5 

16 

159.3 

23.7 

22.7 

95.8 


41 

34.8 

36.0 

15.44 

7.18 

46.1 


17 

20.9 

23.7 

0.9 

3.8 


42 

28.6 

39.6 

15.44 




18 

159.3 

23.9 

22.9 

96.6 


43 

21.0 

52.0 

15.44 

1.23 

8.0 


19 

36.6 

23.7 

3.0 

12.6 









20 

159.3 

23.7 

22.0 

93.0 

11 

44 

59.7 

24.5 

7.88 

5.20 

66.0 








45 

147.0 

26.5 

7.88 

7.07 

89.8 

e 

21 

159.3 

24.9 

23.2 

93.1 


46 

35.3 

14.5 

7,88 

0.92 

11,7 


22 

83.6 

^ 24.5 

17.9 

73.0 


47 

14.6 

14.8 

7.88 

0.83 

10.5 


23 

27.0 

' 24.5 

2.6 

> 10,6 









24 

159.3 

; 24.5 

22.8 

i 93.0 

i 12 

48 

46.3 

31.4 

11.68 










49 

23.8 

; 23.2 

11.68 

2.26 

19.5 








50 

59.2 

! 22,4 

11.^ 

; 7.86 

68.0 
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Other investigators, such as Doi (1921, a) and Macleod (1920), 
have studied the effects of low oxygen tensions on the arterial 
blood saturation by allowing the decerebrated experimental ani- 
mal to breathe air of a lowered but constant oxygen content. Under 
these conditions Doi (1921, a) found that equilibrium was established 
after an exposure of from 10 to 15 minutes, and if the exposure to 
14 per cent ox^'gen, was continued for 30 minutes, recovery of the 
animal was prolonged and not always possible. Adams and 
Morris (1921) have reported changes in the arterial blood during 
asph^'xia produced clamping the trachea or by plugging a 
bronchus. Such observations do not permit of study of the alve- 
olar oxygen tension and are complicated by the asphyxial accu- 
mulation of carbon dioxide so that observed changes cannot be 
ascribed to anoxemia alone. 

In the present series of experiments, animals were exposed to 
progressively increasing degrees of anoxemia. The exposures on 
the average were for periods of from 12 to 18 minutes each. The 
oxygen was reduced to the point at which respiration ceased in 
the extreme tests. The lowest oxygen content observed in the 
inspired air was 1.96 per cent, Experiment 14 (Table V) . Eecovery 
was rapid and complete in Experiment 14 on artificial respiration 
followed by natural breathing of atmospheric air. The blood 
pressure rapidly returned to normal. In 10 minutes from this 
time, respirations were reestablished and the arterial blood was 
found to be 94.1 per cent saturated. This speaks for the constancy 
of the general conditions we are striving to maintain. We observed, 
however, that when an animal was held for a long series of tests 
often blood pressure declined somewhat and other indications of 
poor condition slowly appeared. Under these conditions arterial 
unsaturation increased in comparison with the composition of the 
corresponding alveolar air, even at relatively high oxygen concen- 
trations. We do not attribute this change in any way to the 
analgesia but rather to the position and the prolonged experi- 
mental stress. This observation does not accord with the view 
that oxygen secretion is in abeyance except when an animal is 
under extreme stress. 
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DISCUSSION OF DATA. 

The oxygen content of the arterial blood was found to be pro- 
gressively reduced as the alveolar oxygen tension -was lowered. 
The lowest inspired oxygen in our experiments, 1.96 percent, would 
correspond to an equivalent altitude of 53,800 feet or 10 miles.^ 
The arterial blood of this dog contained 0.83 volume per cent of 
oxygen, a quantity but little more than the error of the method. 

Bohi* (1904) was the first to study the oxygen content of blood 
equilibrated with air of varying ox;v''gen tensions. The study of 
the dissociation curve has been greatly extended since then. Dis- 
sociation curves have been published illustrating the behavior of 
the blood of man under varying conditions. The characteristic 
nature of the curves for the blood of animals of different species 
has also been established. Barcroft and Camis (1909) reported a 
curve for the dissociation of dog blood at 40 mm. carbon dioxide 
tension. 

Because of the varying quantity of hemoglobin in different indi- 
viduals the direct comparison of the oxygen content of arterial 
blood with the alveolar oxygen tension is not feasible unless the 
oxygen content of that particular blood equilibrated in vitro at 
the same tension is known. The percentage saturation of two 
blood samples of different hemoglobin content, however, is con- 
stant when they are equilibrated under the same conditions. The 
percentage saturation of the arterial blood, therefore, furnishes the 
most convenient basis for the comparison of data from various 
experiments. 

The dissociation curve of dog blood determined by Barcroft and 
Camis (1909) was taken as the standard for the present series of 
experiments. This dissociation curve was established under 40 
mm. carbon dioxide tension. In the majority of dogs studied by 
us the alveolar carbon dioxide was lower than 40 mm. Lowering 
of the alveolar carbon dioxide tension in the air against which a 
blood sample is equilibrated increases the percentage saturation 
slightly at any given oxygen tension. The dissociation curves for 
dogs blood at different carbon dioxide tensions have not been 
reported, so that if the curve of Barcroft and Camis is used to 

^ Interpolated from Humphrey’s tables (Humphrey, W. J., Physics of 
the air, Philadelphia, 1920). 
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indicate the theoretical percentage saturation of arterial blood, 
some slight allowance must be made for the change in the form 
of the curve as a result of varying alveolar carbon dioxide tensions. 
The close relationship between the dissociation curve and the 
arterial saturation found is striking. Table IV shows the deter- 
mined percentage saturation in the arterial blood in a series of 
experiments on one dog. The theoretical degree of saturation 
calculated from the oxygen tension of the alveolar air and the 
dissociation curve is included for comparison. An additional ex- 



10 20 OO 40 50 60 70 8 0 90 100 110 120 130 140 150 160 

Tension o[ 0 in mm. of mercury 

Fig. S. Ordinates, percentage of saturation of hemoglobin. Absoissse 
tension of oxygen in millimeters of meroury. Dissociation curve of dog’s 
blood at 40 mm. tension of carbon dioxide. The plain rectangles denote 
dissociation determinations of Barcroft and Camis for blood in vitro. 
The eross-batcbed rectangles denote determinations of arterial blood 
against partial pressure of alveolar oxygen in vivo. The area drawn around 
the points is the experimental error in each case.j 

periment on another animal is also included to show the results 

obtained at tbe lowest alyeolar oxygen tension studied, 14.6 mm, 
nns sample was drawn through the period when respiration 
stopped (Mg. 2). 

The percentage saturation of the arterial blood is slightly less 
than that calculated from the dissociation curve of Barcroft and 
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Camis. If allowance were to be made for the different carbon 
dioxide tensions in the two series of experiments, this difference 
would be slightly, but not significantly, increased. The relation^ 
ship between the dissociation curve for dog blood of Barcroft and 
Camis and that experimentally determined in vivo is most striking. 
This is best shown in Fig. 3 in which the individual determinations 
of Barcroft and Camis are plotted with the arterial blood analyses. 

The two dogs that were used in the above series of experiments 
were in excellent condition and compensation was well maintained 
throughout the tests. If oxygen secretion is a factor in the com- 
pensation to anoxemia it should have been called forth by the 
stress of the extremely low alveolar oxygen tension obtained. 
Under these most favorable experimental conditions, hovrever, the 
arterial oxygen approaches, but does not exceed, the maximum 
theoretically possible in vitro, as calculated from the dissociation 
curve. No attempt was made to calculate the diffusion pressure 
existing between the oxygen tension of the alveolar air and the 
arterial blood. Barcroft and his collaborators (1920) found be- 
tween 7 and 8 mm. Douglas, Haldane, Henderson, and Schneider 
(1913) on Pikers Peak reported oxygen tensions in the arterial blood 
greater by from 7 to 44 mm. than in the alveolar air. Barcroft and 
Nagahashi (1921) have pointed out the difficulty of accurately 
determining the oxygen tension of blood that is more than 90 per 
cent saturated. They describe a method of equilibrating a small 
bubble of alveolar air with a large volume of arterial blood that 
gives results accurate to about 2 mm. tension. When the arterial 
blood is less than 90 per cent saturated, however, this method has 
no advantages over that used in our study. Either method would 
readily detect differences between the arterial and alveolar oxygen 
tensions of the magnitude reported by Douglas, Haldane, Hender- 
son, and Schneider. 

The first series of determinations in which only the inspired 
air was analyzed is given in Table V. Table VI gives the second 
series of experiments in which the alveolar oxygen tension was 
determined. Both series of determinations are shown graphi- 
cally in Fig, 4. The total group of analyses shows no essential 
difference in behavior from the single series of experiments in- 
cluded in Table IV, 
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The arterial saturations in the first series of experiments fall 
slightly below those of the second series; This is to be expected, 
for it is recognized that at even the extremely low oxygen pressures 
studied the alveolar tension of necessity must still be slightly under 
that of the inspired air. 

The determinations approach, but do not exceed, the theoretical 
degree of saturation established by the dissociation curve. Of the 
entire series of experiments but two analytical values are above the 
line of the dissociation curve and in both instances the difference is 



Tension of 0 in mm. of mercury 

Fig. 4. Ordinates, percentage saturation of hemoglobin. Abscissse, 
tension of oxygen in millimeters of mercury. Dissociation curve of dog’s 
blood at 40 mm. tension of carbon dioxide. The cross-hatched rectangles 
denote determinations plotted at oxygen tension of alveolar air. The 
plain rectangles denote determinations plotted at oxygen tension of 
inspired air. The area drawn around the point is the experimental 
error in each case. 

less than the allowable experimental error of the determination. 
The arterial saturation figures, on the other hand, have a marked 
tendency to fall below the theoretical values. This tendency 
emphasizes the absence of any factor of oxygen secretion in main- 
taining the arterial oxygen tensions. This tendency also em- 
phasizes the necessity for the efficient operation of all the factors of 
physical compensation in order to maintain the maximal satura- 
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tion of the arterial blood. Any lowering in the efficiency of the 
compensating mechanism, either in the circulatory rate, circulatory 
volume, respiratory volume, or the completeness of pulmonary 
ventilation is immeditely expressed in a larger unsaturation value 
of the corresponding arterial blood. The difference between the 
alveolar and arterial ox;>^gen tensions is always augmented under 
such conditions, 

If oxygen secretion should occur it is possible that it might, 
in part at least, be under nervous control. Any secretory fibers to 
the lungs would be located in the vagi and section of these nerves 
should affect the oxygenation of the arterial blood. This experi- 
ment was tested in one animal (Dog 11, Experiment 47, Table IV). 
The response of this dog to anoxemia was no different from that of 
the others in the experimental series. The degree of saturation 
of the arterial blood was not affected by the section of the vagi. 


TABLE VI. 

Arterial Blood Equilibrated with Alveolar Air, 
Experiment 25, Sept. 26, 1921. Dog 7. 



Oxygen in alveolar air. 

Oxygen in arterial 
blood. 

Per cent. 

Tension. 

Volumes 
per cent. 

Saturation. 

Before equilibration 

After “ 

11.54 

10.38 

! mm, 

85.4 

77.3 

10.5 

10.8 

per cent 

64.5 

66.2 


Barcroft (1920) found that when arterial blood from a man, 
living under a reduced oxygen tension, was equilibrated with a 
corresponding sample of alveolar air, the blood absorbed oxygen 
from the air. We have confirmed this finding in the dog through 
the range of anoxemia studied. Because of the construction of the 
tonometer it was difficult to saturate the blood sample completely, 
but oxygen was always absorbed by the blood sample and never 
the reverse. This point is vital to the present experiments. 

The present day advocacy of the theory of oxygen secretion is 
based on data obtained by the indirect carbon monoxide method. 
This method assumes the stability of the carbon monoxide-hemo- 
globin compound. Haggard and Henderson (1921) have recently 
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shown that carbon monoxide in the blood may rapidly be liberated 
from the hemoglobin fixation, particularly under conditions of an 
excess of carbon dioxide in the blood. Without attempting a 
detailed discussion of the method we may emphasize the great 
advantage of a direct over an indirect method. 

In our experiments, the percentage saturation of the arterial 
blood was directly determined under conditions of progressively 
induced anoxemia. The proponents of the secretory theory have 
assumed that the capacity for oxygen secretion exists but is called 
forth only during extreme oxygen lack. The conditions of our 
experiments would seem to be adequate to call forth this mechan- 
ism if present. No evidence of such a mechanism was found. 
Nowhere have we obtained evidence of an arterial oxygen tension 
higher than that in the alveolar air. The current conception of a 
purely physical mechanism regulating the passage of oxygen 
though the pulmonary epithelium is confirmed for all stages of 
anoxemia. 


SUMMARY. 

The lowering of the percentage saturation of the arterial blood 
in dogs breathing air progressively reduced in oxygen tension 
closely parallels the dissociation curve determined in vitro by 
Barcroft and Camis. 

No evidence was obtained to indicate the presence of a higher 
oxygen tension in the arterial blood than was present in the alveo- 
lar air. 

When alveolar air was exposed to a simultaneous sample of 
arterial blood, oxygen was absorbed by the blood. 

Section of the vagi was without effect on the degree of satura- 
tion of the arterial blood during progressive anoxemia. 
Experimental animals must be maintained in a state of high 
circulatory and respiratory efficiency in order to secure the maxi- 
mal degree of saturation of the arterial blood. 
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A QUANTITATIVE STUDY OF THE ADSORPTION IN SO- 
LUTION AND AT INTERFACES OF SUGARS, DEXTRIN, 

STARCH, GUM ARABIC, AND EGG ALBUMIN, AND 
THE MECHANISM* OF THEIR ACTION AS 
EMULSIFYING AGENTS. 
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There is a wide divergence in opinion at the present time as to 
what the real mechanism of the action of colloid protectors and 
emulsifying agents may be. While it is generally known that the 
same substances may be used as protectors of very finely divided 
solid precipitates by preventing agglomeration, and as emulsifying 
agents by stabilizing liquid droplets dispersed in a liquid medium, 
and that the most efficient of these substances are themselves pep* 
tized colloids, it is by no means generally agreed that the mecha- 
nism of the two processes is the same. On the other hand there 
have been numerous attempts to embody in a single generaliza- 
tion the properties and conditions necessary for colloid peptiza- 
tion and protection, and for emulsification. Thus Plateau^ and 
Quincke^ without understanding the true nature of adsorption con- 
sidered that the most important factor required in an emulsifying 
agent was that it should lower the surface tension of one of the 
liquids though they also realized the large influence of viscosity. 
Pickering^ presented the theory that the emulsifying agent must 
form small insoluble particles to cover the droplets. Fischer^ be- 
lieved that ability to combine with water is the most essential 

* National Research Fellow in Physical Chemistry, Harvard University. 

1 Plateau, J., Ann. Physik., 1870, cxli, 44. 

2 Quincke, G„ Ann. Phjsik., 1888, celxxi, 580. 

® Pickering, S. U., J. Chem. Boc., 1907, xoi, 2001- 

^ Fischer, M. H., and Hooker, M. 0., Science, 1916, xliii, 468. 
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Emulsifying Agents 


attribute. Bancroft^ states that an emulsifying agent is adsorbed 
into the interface between dispersed phase and dispersing medium 
and produces a coherent film which by its viscous nature prevents 
coalescence of the particles. He points out that while most emul» 
sions are made with gelatinous colloids as emulsifying agents, the 
same purpose would be served by any substance which will be 
adsorbed to the interface and make it viscous. Similarly the 
mechanism of stabilizing or protecting colloids is to be explained 
by adsorption of the agent which is either soluble in water or is 
solvated by water.® Holmes/ in working with gelatin as an emul- 
sifying agent, could get no evidence of any concentration of gelatin 
by adsorption around oil droplets or that as oil content is increased 
the gelatin content must be increased as would be the case if adhe- 
sion layers were formed. He considers that the leading factor is 
simply viscosity, not the maximum but the “most favorable.’^ 
These results are in direct contradiction to the work of Winkel- 
blech^ who shook a dilute solution of gelatin with benzene and 
found a film of gelatin at the dineric interface, a phenomenon 
which he proposed as a method of analysis for gelatin. He declared 
that the adsorption of the emulsifying agent at the interface was 
inversely proportional to the ease of peptization of the substance 
by one of the liquids in the emulsion. In a paper before the Ameri- 
can Chemical Society at Rochester, N. Y., April 1921, Holmes 
showed that the formation of an adsorbed film was the principal 
factor in the use of cellulose nitrate. 

It is at once apparent that quantitative data on the action of 
peptizing colloids and related substances is almost completely 
lacking, and that satisfactory conclusions cannot be drawn with- 
out such data. The object of the present research was, therefore, 
to study by the most accurate known methods the behavior of 
five substances which, to a greater or less extent, act as colloid 
protectors or emulsifying agents, viz, sugars, dextrin, starch, gum 
arabic, and egg albumin, throughout the greatest possible range of 
concentration, each alone and, for the purpose of studying ion 

® Bancroft, W. D., J, Phys, Chem,^ 1913, xvii, 501; Applied colloid chem- 
istry ; general theory, New York, 1921, 225, 

® Bancroft,® p. 225. 

Holmes, H. N., and Child, W. C. J., Am. Chem. Soc., 1920, xlii, 2049. 

® Winkelblech, K., Z. angew. Chem,j 1907, xix, 1953. 
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adsorption, in the presence of the following electrolytes: hydro- 
chloric acid, sodium hydroxide, iodide, sulfate, and bicarbonate, 
as respectively, acid, base, liquefying or peptizing salt, precipita- 
ting or pectizing salt, and a biologically significant substance. It 
is, of course, unnecessary to point out the manifold application of 
such data to the fields of adsorption and digestion in physiology, 
many industrial processes including the manufacture of soaps, 
paints, medical preparations, oils, inks, and numerous other prod- 
ucts, flotations, sewage disposal, electroplating — ^in short, in every 
case where minute drops, bubbles, grains, filaments or films’^ 
require stabilization. 


EXPERIMENTAL METHODS. 


Each dilution of each one of the five substances under investiga- 
tion, alone and in the presence of each of the five electrolytes, was 
studied under the following heads: (a) Surface tension at 25"^. 
(b) Interfacial tension between solution and benzene, and in 
some cases caprylic alcohol for purposes of comparison between 
aromatic hydrocarbon and long chain alcohol, (c) Viscosity. 
(d) Density, (e) Actual observations upon emulsions made up 
uniformly with benzene and kerosene and studied for heaviness 
of creaming and stability as measured by time of existence. 

The surface tension of the solutions was determined by the drop, 
weight method, using a Morgan drop-weight apparatus^ with cali- 
brated^® tip with radius of 0.2673 cm., and the values calculated by 

I r \ 

the use of the Harkins and Brown^^ formula: y = - — \p[ -rr- ), 

27rr \FV 

where y is the surface tension in dynes per cm., m the weight of a 
drop, g the acceleration due to gravity, r the radius of the tip, V 
the molecular volume determined from the density, and ^ the 
function corresponding to the fraction of an ideal drop which 
actually falls. There can be no criticism of the accuracy of this 
method as shown by the recent confirmatory results of Richards 
and Carver^^ in their critical study of the capillary height method. 


® Morgan, J. L. E., J. Am. Chem. Soc., 1911, xxxiii, 349. 

Harkins, W. D., and Humphrey, B. C., /. Am. Chem. Soc.j 1916, xxxviii, 

228 . 

Harkins W. D., and Brown, B. E., J.Am. Chem. Soc.j 1919, xli, 515. 
Richards, T. W*, and Carver, E. E., J. Am. Chem. Soc., 1921, xliii, 827. 



TABLE I. 

Effect of Emulsifying Agents on Benzene-Water and Kerosene-Water Emulsioiis, 
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8, Heavy; 9, Very heavy; 10, Excellent. 
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The interfacial tensions were measured by the corresponding 
drop-volume method using a modified form of the apparatus 
described by Harkins and Humphi'ey^^ with the correction curve 
for calculation. Two or more runs were made in each case to 
insure accurate checking. 

The relative viscosities were measured by means of a special 
Ostwald type viscosimeter and with the following precautions: 
constant temperature throughout; same treatment of the solution 
as regards shaking and previous treating; recognition of the large 
effect of viscosity changes in emulsoids with time so that runs 
were made only after the emulsoids were allowed to stand for some 
time, and at the same time that surface tension measurements and 
actual emulsions were made; In most cases, of course, the emul- 
soids were so dilute that a practically constant viscosity was ob- 
served, agreeing with the observations of von Schroederd^ 

Density measurements were particularly important for the 
exact calculation of surface tension. They were made at 25° with 
pycnometer or carefully calibrated Westphal balance. 

The emulsions were all made up in the same manner, with the 
same relative volumes, 75 per cent oil to 25 per cent solution or 
emulsoid. The benzene was dehydrated and distilled over metallic 
sodium at 80-82°. Kerosene was, purified and dehydrated over 
metallic sodium. The emulsion was made by adding 30 cc. of oil in 
10 cc. portions to 10 cc. of the solution. After each addition of oil 
the bottles (glass-stoppered specimen bottles of uniform size) were 
shaken a full 10 minutes or for aU three additions 4,800 strokes. 
These were then placed in a quiet place, or in some cases centri- 
fuged, and observed after various lengths of time. The results 
are tabulated together in Table I in which the emulsions are 
classified on a scale of ten from the standpoint of efficiency of 
emulsification. 


EXPBEIMENTAL EESITLTS. 

Sugars, 

Most of the work on sugars was conducted with purest sucrose. 
While solutions of sugar are not colloidal or gelatinous in the sense 

13 Harkins and Humphrey, p. 236. 

1^ von Schroeder, P., Z, physik. Chem,, 1903, xlv, 75 

IHE JOtrtlNAL OF BIOLOGICAL CHEMISTRY, VOt. LII, NO, 1 
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that those of dextrin,- starch, gum arable, and egg albumin are, 
this non-electrolyte is of great theoretical importance, although it 
may not be considered nearly so effective a colloid protector or 
emulsifying agent as the enaulsoids. Sugar is usually considered 
to be molecularly dispersed in aqueous solutions but Lobry de 
Bruyn and WolfP® have shown that concentrated solutions show 
the Tyndall phenomenon characteristic of a colloid. It is inter- 
esting, therefore, to discover if this tendency may account for 
such powers as an emulsifying agent as sugar solutions may pos- 
sess. Surprisingly little work has been done with sugar solu- 
tions and none quantitatively. There are, of course, numerous 
cases where strong sugar solutions prevent the formation of visible 
solid precipitates, such as calcium silicate,^® silver chromate, silver 
chloride, lime,^® and hydrous oxides of copper, uranium, and 
iron.^® Bancroft^® states that no work has been done on the direct 
peptization of precipitates by such a dissolved non-electrolyte. 
Grimaux®^ found that invert sugar was seven times as effective as 
cane-sugar in holding up ferric oxide. Bancroft® considers that 
sols are stabilized by non-electrolytes such as sugar by very strong 
adsorption of the sugar so that the colloid will behave as though 
water-soluble. There is no data cited on this point however. It 
would necessarily follow from this idea that sugar could act as an 
emulsifying agent if it will go into the interface of an oil-water 
mixture and make it sufSciently viscous. On the other hand if 
molecular dispersion in water solution is considered as the maxi- 
mum limiting case of peptization no concentration of sugar would 
be found in the interface in keeping with the general rule that the 
amount adsorbed at the interface is inversely proportional to the 
ease of peptization by one of the liquids. The above references 
constitute the present knowledge of the action of sugar. Aside 
from limited data such as may be found in Landolt-Bornstein 
tables on the surface tension of sugar solutions, there is nothing 
quantitative. 

Lobry de Bruyn, G. A., and Wolff, L. K., Rec, trav. chim. Fays-Bas, 
1904, xxiii, 155, 

Weisberg, J., Bull. Sac. Chim.j 1896, xv, series 3, 1097. 

Lobry de Bruyn, C. A., Ber. chem. Ges.f 1902, xxxy, 3079. 

Graham, T., J. Chem. Sac., 1862, xv, 253, 

Biffard, E., Compt. rend, Acad., 1873, Ixxvii, 1103. 

2® Bancroft,® p. 168. 

21 Grimaux, E., J. Chem. Soc.f 1884, xlvi, 966. 
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The experimental values of cane-sugar solutions on specific 
gravity, relative viscosity, surface tension, and interfacial tension 
against benzene are tabulated in Table II. While in all cases the 
values of 7 are above those of pure water there is a very interesting 
variation discovered in the dilute solutions. There is a gradual 
slight rise above 72.05 dynes for pure water to 0.01 per cent solu- 
tions, followed by a decrease to 0.1 per cent and another increase 
at somewhat less than 1 per cent which continues up to the most 
concentrated solution, 35 per cent. It will be shown later that 
the same rise and depression in 7 for veiy dilute solutions of the 
four emulsoids, dextrin, starch, gum arabic, and egg albumin, is 
observed, although the second ascent is not observed for them. 
The peculiar behavior for sucrose, which in solution seems to be 
uniformly negatively adsorbed, is difficult to explain, though it 
may be related to the hydration of the sugar molecules, agglom- 
eration, or both. 

The values in the table show at a glance that, except in the cases 
of dilute solutions and of HCl, the presence of the electrolytes 
enhances the value of 7. In 0.005 per cent solutions made 0.5 m 
with the electrolytes, hydrochloric acid and sodium iodide have 
no effect, but sodium hydroxide lowers 7, to a considerable extent. 
Thus, though 0.005 per cent sucrose has a value of 72.13 and the 
hydroxide alone of 72.60, the solution of both is 71.77, even below 
that of pure water. This can be explained only upon the basis of 
chemical reaction in very dilute solutions or a very specific adsorp- 
tion of hydroxyl ions. It will be shown that dextrin and starch 
act in exactly the same way. In the more concentrated solutions 
the hydroxide acts similarly to the sulfate and bicarbonate. Ex- 
cept in the case of the 0.1 per cent solution which marks the maxi- 
mum point of deflection, hydrochloric acid, which alone has prac- 
tically no effect upon the surface tension of water, lowers the 
value of the sugar solution. The specific effect of the iodide ion 
which is so markedly adsorbed and peptizing upon emulsoids is 
even here quite apparent. This entire study is one of great inter- 
est inasmuch as two factors enter in: the effect of electrolytes on 
sugar solutions and of sugar solutions on the electrolytes. The 
variations are to be accounted for by differences in adsorption of 
ions upon sugar molecules and of water upon both sugar and the 
ions. It should be noted that 0.5 per cent sugar solutions, though 



TABLE II. 


Sugar (Sucrose). 


Concen- 
tration of 
sucrose by 
weight. 

Electrolyte. 

Specific 

gravity. 

Relative 

viscosity. 

Surface 

tension. 

Surface 
tension at 
interface.* 

per cent 

None. 

HaO 

0 .9970 

1.000 

dynes per cm. 

72.05 

dynes per cm. 

34.28 

a 

HGl 

.1.0068 

1.041 

72.09 

34 .47 

a 

Nal 

1 .0525 

1.020 

72.86 

34 .82 

ic 

NaOH 

1 ,0210 

1.117 

72.60 

34,70 

a 

NaHCOj 

1 .0267 

1.123 

73.04 

34.65 

iC 

NaaSO, 

1.0601 

1.245 

73.36 

36.16 

0.005t 

None. 


1.003 

72.16 

34.49 

0.005 

HCl 

1 .0072 

1.045 

72.15 

34.46 

0.005 

Nal 

1 .0532 

1.025 

72.14 

35.14 

0.005 

NaOH 

1 .0211 

1.118 

71.77 

35.00 

0.005 

NaHCOj 

1 .0268 

1.122 

73 .49 

35 .24 

0.005 

NaoSO^ 

1 .0661 

1.223 

73.52 

36.72 

0.01 

None. 

0.9972 

1.005 

72.27 

34 .68 

0.05 

iC 


1.011 

72.20 

34.74 

0.06 

HCl 

1 .0079 

1.051 

72 .27 

34.80 

0.1 

None, 

0.9998 

1.017 

72.14 

34.79 

0.5 

<c 


1.028 

72.31 

34.03 

0.5 

HCl 

1 .0087 

1.049 

72.18 

34.33 

0.5 

Nal 

' 1 .0544 

1.026 

72.85 

34 .60 

0.5 

NaOH 

1 .0228 

1.129 

72.97 

35.08 

0.5 

NaHCOa 

1.0294 

1 .140 

72 .80 

35 35 

0.5 

Na^SO^ 

1 .0737 

1.235 

73 .34 

36 .39 

1.0 

None. 

1.0024 

1.03^ 

72 .48 

35 .57 

5.0 

« 


1.174 

72.57 

33.80 

5.0 

HCl 

1 .0276 

1.185 

72.50 

34.57 

10.0 

None. 

1 .0377 

1.328 

72,69 

33 97 

10.0 

HCl 

1.0489 

1.389 

72.59 

34 67 

15.0 

None. 


1.482 

72 .90 

33 94 

15.0 

HCl 

1 .0727 

1,677 

73.10 

34.07 

15.0 

Nal 

1 .1170 

1.669 

73.14 

34 .27 

15.0 

NaOH 

1 .0833 

1.939 

73 .41 

34.87 

15.0' 

NaHCOs 

1 ,0905 

1.886 

73.45 

34.22 

15.0 

Na2S04 

1 .1237 

2.106 

74.32 

36 .51 

20.0 

None. 

1 .0805 

1.636 

73.11 

33,90 

30.0 

C( 

1 .1257 

3.030 

73.48 

33.54 

35.0 

(C 

1 .1510 

4.098 

73 .58 

32 .85 


* Determinations made with 90 per cent benzene, sp. gr, 0.8715. 
t Values for sucrose solutions without electrolytes, percentage con- 
centrations 0,005, 0.05, 0.5, 5.0, and 15, taken from curves. All other values 
in the table are actual determinations. 
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possessing a higher surface tension than 0.01 per cent, produce a 
marked lowering of the surface tension of sodium bicarbonate, al- 
though the 0.005 per cent raises it, and that sodium sulfate in 0.5 
per cent sugar solution has the same value as if it were present in 
pure water. The bicarbonate has the same surface tension both 
in 0.005 and 15 per cent sugar solutions. 

The effect of the presence of hydrochloric acid in solutions of 
sucrose is particularly interesting because of inversion with time. 
Inversion has not before been followed by means of possible varia- 
tions in surface tension with time. In Table III are some repres- 
entative data. It is at once apparent that the changes are 
exceedingly small though generally there is a slight increase which 
has been confirmed by repeated observations. The small structural 
effect is shown by the fact that a 1 per cent sugar solution made 0.5 
M with hydrochloric acid has a surface tension of 72.18 upon mix- 
ing, and 72.20 after inversion, while a 1 per cent levulose solution 
with acid is 72.28, a 1 per cent dextrose solution with acid is 72.25, 
and a 1 per cent equal mixture of levulose and dextrose with acid 
is 72.25. Absolutely no evidence has been obtained to confirm 
the statement of Grimaux^^ that invert sugar is seven times as 
efficient in holding up suspensoids or emulsoids as sucrose. In 
equal concentrations no difference has been detected in any case. 

Considering the surface tension values at the interface between 
sugar solutions and benzene, very interesting results are obtained. 
Starting with the value of 34.28 for the interfacial tension of water- 
benzene and adding sugar, there is at first an increase to 0.1 per 
cent solutions, then a sharp decrease, another increase between 1 
and 10 per cent solutions, an almost constant value between 10 
and 20 per cent, and a final continual decrease with increase in 
concentration up to 35 per cent. Even with these variations, all 
sugar solutions above 1 per cent in concentration, lower the inter- 
facial tension between water and benzene, a result which is ap- 
parently favorable for the action of sugar as an emulsifying agent. 
Since sugar does not lower the surface tension of water alone and 
is seemingly negatively adsorbed in the system solution-vapor, it 
at once follows that the positive effect at the benzene interface 
must be specific for the benzene at the higher concentrations of 
sugar. That this is true is quite clearly shown by the fact that 
at the interface between water and caprylic alcohol, an increase 
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in sugar increases the tension, following closely the action upon 
water alone. This is shown in Table IV. It must be concluded, 


TABLE III. 

Sugar — Effect of Invers'um of Sucrose on Surface Tension, Inter facial Surface 
Tension, and Yiscositf. 


Concen- 
tration of 

Acid.* 

Specific 
gravity, t 

Relative 

Surface tension. 

, Interfacial 
surface tension. J 

sugars 
by weight. 

viscosity. 

Fresh. 

After 

24 hours. 

Fresh. 

After 

24 hours. 

Sucrose. 

•per cent 




dynes 
per cm. 

dipies 
per cm. 



0.005 

None. 


1 .003 

72.16 


34.49 


0.005 

HCl 

1 ,0072 

1.045 

72.15 

72.29 

34,46 

34.33 

0.05 

None. 


1.011 

72 .20 


34 .74 


0.05 

HCl 

1 .0079 

1.051 

72.27 

72.22 

34.80 

34 .73 

0.5 

None. 


1.028 

72 .31 


34.03 ' 


0.5 

HCl 

1 .0087 

1.049 

72.18 

72.26 

84.33 

34.40 

5.0 

None. 


1.174 

72.57 


33 .80 


5.0 

HCl 

1 .0276 

1.185 

72.50 

72.63 

34.57 

34.82 

10.0 

None. 

1 .0377 

1.328 

72.69 


33 .97 


10.0 

HCl 

1 .0489 

1.389 

72.59 

72 .76 

34 .67 

34 .89 

15.0 

None. 


1.482 

72.90 


33 .94 


15.0 

HCl 

1 .0727 

1.677 

73.10 

73 .27 

34.07 

34 .68 

Levulose. 

1.0 

None. 

1 .0022 

1.023 

72.18 


33.57 


0.5 

HCl 

1 .0088 

1.047 

72.28 


34 .50 


Dextrose. 

1.0 

None. 

1.0019 

1.026 

72.29 


34.12 


0.5 

HCl 

1 .0089 

1,043 

72.25 


34 .82 



Levulose and dextrose. 


1.0 

None. 

1 .0015 

1,025 

72.30 


34.17 

0.5 

HCl 

1 ,0087 

1.044 

72.25 


34.62 


0.5 M HCL 

t With solutions fresh, 

X Determinations made with 90 per cent benzene, sp. gr, 0.8715. 


therefore, that the chemical nature of the oil used in making an 
emulsion will determine, from the standpoint at least of surface 
energy relationships, the efficiency of sugar as an emulsifying 
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agent. It will be shown later that kerosene forms much better 
emulsions in the presence of sugar than benzene following a greater 
decrease of the interfacial tension kerosene-water. 

All of the electrolytes increase the interfacial tension values of 
sugar solutiombenzene, following in a somewhat parallel way the 
variations of sugar concentration. Here again the expected does 
not occur, e.g. that HCl should lower the values as in the case of 
solution-vapor. Obviously, interpretations are not justified until 
experiments varying the concentration of electrolyte with given 
sugar content are made. 


TABLE IV. ' 

Caprylic Alcohol, 

Surface tension = 26.35. Relative viscosity = 3.126. Density = 
0.82026. 


Solution. 

Concentration 
by weight. 

Surface tension 
at interface 
with caprylic 
alcohol- i 

Surface tension 
at interface 
with 90 per 
cent benzene. 

Water 

per cent 

None. 

dynes per cm. 

9.80 

dynes per cm . 

34 .28* 

Sucrose 

30.0 

10.88 

33.72t 

33 .54 

Dextrin 

10.0 

3.85 

36.41 

Starch 

1.0 

10.17 

35.10 

Gum arabic 

10.0 

9.24 

22.87 


* Determination made with 90 per cent benzene, sp. gr. 0.8715, used with 
sucrose. 

t Determination made with 90 per cent benzene, sp. gr. 0.8745, used with 
dextrin, starch, and gum arabic. 

Parallel in importance with the effect of sugar upon interfacial 
tension is the viscosity effect. It has already been pointed out 
that the view of Bancroft is that any substance which is adsorbed 
to an interface and is sufficiently viscous will act as an emulsifying 
agent while Holmes found that favorable viscosity alone may ac- 
count for such an action. Of course, the viscosity of sugar, a 
molecular dispersoid, increases in a regular way with concentra- 
tion. Electrolytes increase viscosity slightly in dilute solutions 
but produce a very great lowering in the more concentrated solu- 
tions. It is noteworthy that this effect is not only observed with 
sugar, a molecular dispersoid, but also with the emulsoids. 
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Freimdlich^^ has shown that increase in viscosity in any case 
goes hand in hand with increase in agglomeration which in turn 
involves decrease in the amount of available free water. Another 
type of agglomeration, however, may be accompanied by a de- 
crease in viscosity. This point will be fully discussed under dex- 
trin and starch.’ It would seem, therefore, that the electrolytes 
prevent the agglomeration of sugar in higher concentrations. On 
the other hand the real effect may be of the sugar acting on the 
electrolytes. The well grounded fact that ions are more strongly 
hydrated than electrically neutral undissociated molecules ex- 
plains why increase in dissociation and increase in viscosity go 
hand in hand. As a result of the magnetic field about the charged 
particles the ions may very strongly adsorb the solvent — a phenom- 
enon which would be greatly hindered in the presence of adsorbed 
sugar probably. In justification of this it is, of course, well known 
that viscous sugar or glycerol solutions have a marked effect on 
ionic conductivity, though equally viscous solutions of such sub- 
stances as gelatin, agar, and proteins have practically no hindrance 
whatever to the motion of ions and crystalloid molecules.®^ Here 
again interpretations must be incomplete until observations have 
been made varying the concentration of electrolyte. Suffice it to 
say that below 20 per cent solutions the electrolytes increase vis- 
cosity while above 20 per cent they lower it. If viscosity were a 
predominating factor, therefore, it would be expected that the 
best emulsions would be obtained in the presence of electrolytes, 
particularly sodium sulfate, below 20 per cent, and with pure 
sugar solutions above 20 per cent, and that if the maximum vis- 
cosity is the ^^most favorable” the very best emulsions would be 
obtained with 35 per cent sugar solution without electrolytes. 
Such is found to be the case if the rating of the emulsions in Table 
I is considered. But it should also be remembered that 35 per 
cent sugar solution without electrolytes produces the maximum 
lowering of interfacial tension between water and either benzene 
or kerosene, and, therefore, there are two superimposed favorable 
effects for the emulsifying action of sugar. There is no question, 
however, that viscosity is the more important of the two factors, 

22 Freundlicli, H., Tr, Faraday Soc,^ 1913, ix, 66. 

2® CjT. Walden, P., Z. physik. Chem.j 1906, Iv, 209. 
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for the stability of the emulsions follows more nearly the increase 
in viscosity aided both by increase in concentration and by pres- 
ence of electrolytes in the more dilute solutions, than it does the 
changes in adsorption as measured by interfacial tension. Thus 
emulsions of caprylic alcohol in water are increasingly better 
with increase in viscosity of the sugar solution added, although the 
interfacial tension is also gradually increased. While for benzene 
the maximum viscosity is also the most favorable, this is not true 
with kerosene emulsions. A 10 per cent sugar solution produces 
much better emulsions than 30 per cent solutions, paralleling the 
discovery of Holmes that too viscous gelatin solutions were not 
desirable for emulsions of the same oil. 

By a consideration of sugar alone, therefore, it is apparent that 
no general rule for the mechanism of the action of emulsifying 
agents can be laid down, nor can any one general rule be enunci- 
ated for the action of one agent under all conditions. Much de- 
pends upon the chemical nature of the liquids being emulsified. 
With sugar the primary attribute is viscosity — usually maximum 
— even though there is evidence also of adsorption at higher con- 
centrations upon the emulsoid particles so that the colloid tends to 
act like a water-soluble one. On the other hand viscosity cannot 
be considered the only prime requisite of an emulsifying agent; 
for though sugar furnishes a large and favorable viscosity, it does 
not compare as an emulsifying agent with even minute concentra- 
tions of other substances in which the viscosity factor is largely 
negligible. 


Dextrin and Starch. 

These two substances will be considered together because of 
their close relation. Added interest is placed in these substances 
as a result of the recent work of Herzfeld and Klinger^*^ who declare 
that dextrin is not a split-product 'of starch at all but simply a 
more highly dispersed starch. Thus the blue color of iodine ad- 
sorbed upon starch and the brown color upon dextrin is merely a 
result of the greater dispersion in the latter case. Diastatic action, 
is, like dextrinization of starch by simple adsorption of the surface 
by solutions, merely a process of alteration of the degree of disper- 

Herzfeld, E., and Klinger, E-, Biochem. Z,, 1920, evii, 268. 
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sion to form a large increase in surface which is an essential prep- 
aration for later hydrolysis. If then this view be true, the tran- 
sition from starch through soluble starch (more highly dispersed) 
to dextrin (most highly dispersed colloidally) should be a contin- 
uous one, and the differences in the emulsifying action of dextrin, 
soluble starch, or ordinary starch should be related merely to the 
degree of dispersion of the emulsoid. The relations are further 
complicated, however, by the graduations between molecular 
solubility in extremely dilute solutions, the suspensoid state in 
dilute solutions, and emulsoid state at higher concentrations. 
This will be considered from the standpoint of viscosity. The 
whole question is one of great importance biologically, inasmuch 
as animal glycogen is really dextrinized or highly dispersed starch 
and quantitative measurements should throw considerable light 
upon its action in living organisms. 

Dextrin and soluble starch are water-peptizable colloids and 
consequently serve to act as colloid protectors^^ and emulsifying 
agents, Zsigmondy^^ has determined the gold number (number 
of mg. required to prevent the color change in a 10 cc. red gold 
solution containing 0.0053 to 0.0058 per cent gold, when 1 cc. of 
a 10 per cent solution of sodium chloride is added) of dextrin as 10 
to 20 and of potato starch as 25. Winkelblech^ pointed out that 
soluble starch formed a film at dineric interfaces because of the 
difficulty of peptization by water. FriedenthaP^ found that 
soluble starch exhibited a slight depression of the freezing point 
and a molecular weight of 9,450 while ordinary starch has a molec- 
ular weight of at least 32,400.^^ 

Little work has been done on surface tension. Ostwald^® states 
that gelatinizing colloidal mixtures have a lower surface tension 
than their pure dispersion medium. In Table V are shown the 
surface tension relationships of dextrin and in Table VI, those of 
soluble starch together with values for ordinary starch. The close 

Laciiaud, M., Bull, Boc. Chim. de Paris., 1896, xv, series 3, 1105. 

Zsigmondy, R., Z, anal. Chem., 1901, xl, 697. 

Friedenthal, H., Centr. Physiol., 1898-99, xu, 849. 

28 Brown, H. T., and Morris. G. H., J, Chem. Boc., 1888, liii, 610. 

Ostwald, W., A handbook of colloid chemistry; The recognition of 
•colloids, the theory of colloids, and their general physico-chemical prop- 
erties, translated by Fischer, M. H., Philadelphia, 2nd edition, 1919, 51. 
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similarity is very marked in the more dilute solutions. In both 
cases there is a gradual rise in surface tension above that of pure 
water until a 0.01 per cent solution is reached, followed by a regular 
decrease to exactly the same degree. Thus 1 per cent dextrin has 
a value for 7 of 71.98 and 1 per cent starch of 71.96. At higher 


TABLE V. 
Dextrin, 


Concen- 
tration of 
dextrin 
by weight. 

Electrolyte. 

Specific 

gravity. 

Helative 

viscosity. 

Surface 

tension. 

Surface 
tension at 
interface.* 

per cent 

None. 

H 2 O 

0.9970 

1.000 

dynes per cm, 

72.05 

dynes per cm, 

33.72 

u 

HCl 

1.0068 

1.041 

72.09 

34 .38 

u 

Nal 

1 .0525 

1.020 

72 .86 

34 .55 

u 

NaOH 

1 .0210 

1.117 

72.60 

34 .97 

iC 

NaHCOa 

1 .0267 

1.123 

73.04 

34 .37 

u 

Na2S04 

1 .0601 

1.245 

73.36 

34.50 

0,005t 

' None. 


1 .0145 

72 .23 

34.16 

0.005 

HCl 

1.0076 

1.085 

71 .96 

34.45 

0.005 

Nal 

1 .0512 

1.025 

72.31 

34.45 

0.005 

NaOH 

1.0202 

1 .120 

72.67 

35.13 

0.005 

NaHCOs 

1 .0265 

1.134 

: 72.60 

35.00 

0.005 

Na2S04 

1 .0592 

1.237 

73 .38 

36 .20 

0.01 

None, 

0,9992 

1.029 

72.41 

34.61 

1.0 

it 

1.0020 

1.066 

71 .96 

33.87 

5.0 

a 


1.230 

69.76 

35 .01 

5.0 

HCl 

1.0249 

1.473 

68.38 

33.54 

5.0 

Nal 

1.0699 

1,415 

68.82 

33.69 

5.0 

NaOH 

1 .0373 

1.631 

64.56 

25.05 

5,0 

NaHCOs 

1.0442 

1.638 

72.01 

32.65 

5.0 

Na2S04 

1 .0774 

1.809 

72.03 

33.94 

10.0 

None. 

1 .0353 

2.047 

68.06 

36.41 


Determinations made with 90 per cent benzene, sp. gr. 0.8745. 
t Values for dextrin, percentage concentrations 0.005 and 5.0, taken 
from curves. All others actual determinations. 


concentrations the rate of decrease for dextrin is slightly greater 
than for starch. In the presence of electrolytes, however, a con- 
siderable difference is found. Most noteworthy is the very large 
effect of sodium hydroxide in lowering the surface tension of dex- 
trin by almost 6 dynes in 5 per cent solution. It also has a large 
effect on the more concentrated starch solutions. Sodium bicar- 
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bonate and sulfate, while both increase the surface of dextrin, have 
descending curves, while for starch they ascend with increase in 
concentration. This would not be expected, however, in more 
concentrated starch emiilsoids. 

At the interface water-benzene, dextrin acts exactly opposite to 
sugar, iM, there is a depression in 7 to 1 per cent and then a steady 


TABLE VI. 
Starch. 


Concen- 
tration of 
starch 
by weight. 

Electrolyte. 

Specific 

gravity. 

Relative 

viscosity. 

Surface 

tension. 

Surtaee. 
tension at 
interface.'* 

per cent 

0.005t 

None. 


1.005 

dynes per cm. 

72 .20 

dy7ies per cm. 

34.03 

0.005 

HCl 

1 .0079 

1.044 

72.29 

34.24 

0.005 

Nal 

1 .00525 

1.016 

72 .73 

34.86 

0,005 

NaOH 

1 .0210 

1.149 

72 .74 

35.01 

0.005 

NaHCOa 

1 .0270 

1.129 

72 .67 

34.95 

0.005 

Na2S04 

1 .0694 

1.236 

73.22 

35 .62 

0.01 

None. 

0 .9979 

1.009 

72.36 

34.34 

0.1 


0.9985 

1.011 

72 .26 

34.23 

0.5 

£{ 


1.012 

72.13 

34.52 

0.5 

HCl 

1 .0089 

1.088 

72.23 

34 .28 

0.5 

Nal 

1 .0537 

1.072 

72 .72 

33 .80 

0.5 

NaOH 

1 .0214 

1.189 

72.29 

32 93 

0.5 

NaHCOs 

1 ,0277 

1.180 

72.74 

32 88 

0.5 

NasSO^ 

1 .0606 

1.318 

73.46 

34.30 

1.0 

None. 

1 .0009 

1.105 

71 .98 

35.10 

O.OOQt 

None. 

0 .9987 

1.007 

71 .40 

33.28 


* Determinations made with 90 per cent benzene, sp. gr. 0,8746. 
t Values for starch, percentage concentrations 0.005 and 0.6, taken from 
curves. All others actual determinations. 

t Corn-stamh used. All other determinations made with soluble starch. 

increase until with 10 per cent dextrin the interfacial tension is 
more than 2 dynes higher than in its absence. The change in 
state of dextrin at concentrations of 1 per cent or more un- 
doubtedly accounts for this specific action towards ben 25 ene — a 
phenomenon which is not apparent at the interface solution-vapor. 
Exactly the same thing is true with starch except that the increase 
begins at only 0.1 per cent. This seems to point very clearly to a 
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similarity between dextrin and starch except with respect to de- 
gree of dispersion. All electrolytes in both cases produce a con- 
tinuous lowering with increase in concentration with the case of 
sodium hydroxide again notable. This shows a marked’ pep- 
tization by all ions, even the SO 4 ion which under ordinary circum- 
stances has the greatest precipitating power for an emulsoid. 
Much of the effect upon surface tension, however, must be linked 
with the fact that both of these emulsifying agents are hydrous. 

Dextrin and starch are not greatly different in viscosity. In 
both cases all electrolytes increase viscosity at small concentrations 
but the effect is linear while at higher concentrations solutions of 
the emulsoids alone increase rapidly and, as in the case of sugar, 
exhibit higher values than in the presence of the electrolytes. 
Two kinds of agglomeration must be distinguished. Agglomera- 
tion with increase in concentration into homogeneous larger parti- 
cles cannot account for an increase in viscosity for, as a matter of 
fact, such a process should result in a decrease of viscosity because of 
the decrease in surface and the amount of bound water. Agglom- 
eration may, however, be accomplished by increase in viscosity 
if there is enclosure of water between the masses, and not increase 
in the size of the particles by coalescence of smaller ones. This 
is what must happen, therefore, in the case of dextrin and starch, 
considered separately, and is an explanation of the results obtained 
by Meyer^*^ on the viscosity of starch solutions. 

The results on both dextrin and starch, taken separately, con- 
firm the w^ork of Harrison^^ on the viscosity formula of Hatschek^^ 
as applied to starch: = 17 ( 1 + Kf) where tji is the viscosity of 
the emulsoid, that of the pure water, / the ratio of the volume of 
suspended matter to the total volume, and K — 4.5. Following 
are results for dextrin at two concentrations: 


Per cent. 

/ (observed). 

/ (calculated). 

1 

0.012 

0.015 

10 

0.24 

0.25 


Meyer, A., Kolloidckem. Beiheftet 1913-14, v, 1. 

Harrison, W., J. Soc, Dyers and Colorists, 1911, xxvii, 84. 
Hatschek, E., Z. Chem, Ind, Kolloid, 1910, vii, 301. 
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Viscosity does not therefore seem to depend upon the degree of 
dispersion as affected by change in concentration since the same 
formula holds true for starch; depending only on the volume of the 
dispersed phase. It should be noted, however, that the viscosity 
curve for dextrin really lies slightly above that of starch and its 
deviation from a linear ratio is also greater. This rather beauti- 
fully parallels the work of Oden^^ on sulfur sols where the viscosity 
of a dispersion of particles of 0.01 ju diameter lay above that of 
sols of the same substance consisting of particles of O.l/x. This 
then is the genuine case of agglomeration into larger homogeneous 
particles by coalescence setting free because of the smaller total 
surface some of the previously bound water and seemKS to point 
very clearly to the fact that dextrin is of the same chemical nature 
as starch but smaller homogeneous particles, thus confirming the 
view of Herzfeld and Klinger^^ for the first time experimentally. 
If, therefore, viscosity is the predominating effect upon the action 
of dextrin and starch as emulsifying agents, it would be expected 
that dextrin would be better than starch, that in dilute solutions 
the presence of electrolytes should be more favorable than dextrin 
alone, and in concentrated solutions less favorable. Such is found 
to be the case when Table I is examined. With viscosity, however, 
must be compared the interfacial tension relationships. From 
this point of view dextrin in the presence of sodium hydroxide 
which produces by adsorption of the hydroxyl ions the greatest 
diminution in interfacial tension should give the best emulsions, 
even though the viscosity is not so favorable as with dextrin alone. 
It is a singular fact entirely in keeping with the view here pre- 
sented that 10 per cent dextrin alone with maximum viscosity 
produces the heaviest cream in every emulsion, but the most stable 
emulsion measured by time of existence is produced by 5 per cent 
dextrin with 0.5 m sodium hydroxide in which there is the maximum 
effect in reducing interfacial tension. In the case, therefore, of 
these emulsoids viscosity is not so important a factor as in the case 
of sugar. It would be interesting to discover what effect the two 
types of viscosity exhibited by a molecular dispersoid such as sugar 
and an emulsoid respectively, will have on emulsifying properties. 
Sugar has a true internal friction which resists some molecular 
motion while dextrin, starch, gelatin, albumin, etc., in solutions 

Oden, Z, pkysik, Chem.^ 1912, Ixxx, 709. 
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of equal viscosity offer no hindrance. This is related, of course* 
to the structure of the gehforming substances in solution whether 
fibrile, net-like, or granular through the interstices of which ions 
or crystalloid molecules may pass unhindered, and which exhibit 
viscosity by virtue of deformation by the force required to drag 
through the capillary of a viscosimeter. It is reasonable to expect, 
however, that toward colloid particles the heterogeneous structure 
of such substances even in solution may offer resistance which is 
not possible towards ions or crystalloid molecules. In this case 
it is clear that a more effective prevention of coalescence is at- 
attained by actual film formation around each droplet than by 
simple hindrance of motion due to viscosity of the medium. 

Gum Arabic, 

Gum arabic in many ways is very similar to dextrin or starch 
in its relative difficulty of peptization by water, and gelatinous 
nature, but in general its effect at corresponding dilutions upon 
surface energy relationships is larger. The surface tension values 
are shown in Table VII . After a slight increase as observed pre- 
viously there is a continuous decrease in surface tension with in- 
crease in concentration. These results are quite contrary to the 
findings of Quincke^"^ and Zlobicki^^ who state that gum arabic 
increases the surface tension of water. Unlike dextrin, however, 
all of the electrolytes give lower values, with hydrochloric acid 
most effective in this respect as contrasted with the alkali for 
dextrin and starch. As a matter of fact adsorption of the hydrox^d 
ion causes precipitation of the colloid in 10 per cent solution. At 
the interface solution -benzene exactly the same effects are observed 
although sodium hydroxide is found to have far the greatest lower- 
ing effect in solutions up to 0.5 per cent after which the acid is 
most effective. In all cases the lowering is as much as 10 dynes 
or more from the value water-benzene in solutions from 5 to 10 
per cent, a considerably greater effect than for dextrin or starch. 

The viscosity shows a relation reverse to that of dextrin in that 
all electrolytes even in dilute solutions lower it, very markedly in 

Quincke, Wied. Ann,, 1888, xxxv, 582. Drud&^s Ann. Phys., 1901, vii, 
series 4, 631; 1902, ix, 969; 1903, x, 507; 1904, xv, 1. 

Zlobicki, L., Bull, Acad. Sc. Cracovie, 1906, 488. 
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the more concentrated solutions. Here again in the emulsions 
both viscosity and interfacial tension lowering produce favorable „ 
emulsifying conditions. Thus while a 10 per cent solution with 
the highest viscosity produces emulsions equally good for benzene 
and kerosene, equally good emulsions are obtained in 0.5 per cent 

TABLE VIL 


Gum Arabic, 


Concen- 
tration of 
ffum arabic 
by weigbt. 

Electrolyte. 

Specific 

gravity. 

Relative 

viscosity. 

Surface 

tension. 

Surface 
tension at 
interface.* 

O.Olt 

None, 

0 .9985 

1.021 

dynes per cm. 

72.26 

dynes per crn. 

\ 34 .47 

0.1 

i( 

0 ,9996 

1.115 

72.30 

34.27 

0.5 

iS 


1.380 

72.18 

33.35 

0.5 

HCl 

1 .0087 

1 .114 

68.75 

31 .40 

0.5 

Nal 

1 .0534 

1 .107 

72 .24 

31.82 

0.5 

NaOH 

1 .0220 

1.190 

70.88 

27.16 

0.5 

NaHCOs 

1 .0276 

1.208 

72.03 

31 .42 

0.5 

Na2S04 

1 .0604 

1,343 

73.18 

31 .47 

1.0 

None. 

1 .0017 

1.703 

72.04 

32 .68 

5.0 

a 


1.370 

69.69 

28 .28 

5.0 

HCl 

1 .0251 

2,101 

61.98 

20.21 

6.0 

Nal 

1 .0705 

2,479 

63.28 

23 .52 

5. Of 

NaOH 

1 .0434 

2.624 

65 .41 

24 .50 

5.0 

NaHCOa 

1 .0438 

2.604 

65.56 

23 .51 

5.0 

Na2S04 

1 ,0778 

2.887 

66.29 * 

25.06 

10.0 

None. 

1 .0362 

8.781 

61 .49 

22 .87 


* Determinations made with 90 per cent benzene, sp. gr. 0.8745, 
t Values for gum arabic, percentage concentrations 0,5 and 5.0, taken 
from curves. All others actual determinations. 

I Heavy precipitate formed. Determinations made with solution 
taken from top. 

solution in the presence of sodium hydroxide or iodide in. the case 
of benzene, and sodium sxxlfate and bicarbonate in the case of 
kerosene. This is another clear indication of the fact that where 
viscosity is chiefly operative as a favorable factor in emulsification 
it is largely independent of the nature and the quantity of the 
oil being emulsified; while on the other hand adsorption to inter- 
faces is determined by the nature of the oil, the emulsifying agent, 
and the relative quantities particularly when electrolytes are pres- 
ent. Thus sodium hydroxide and iodide enable largest adsorp- 
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tion of the gum arabic at benzene-water interfaces, and sodium 
sulfate and bicarbonate at kerosene-water interfaces. 


Egg Albumin, 

This substance was chosen for purposes of comparison inasmuch 
as viscosity ejffects are almost negligible. Furthermore, its ten- 

TABLE VIII. 


Egg Albumin. 


Concen- 
tration of 
egg albumin 
by weight. 

Electrolyte. 

Specific 

gravity. 

Relative 

viscosity. 

Surface 

tension. 

Surface 
tension at 
interface.* 

O.Olf 

None. 

0.9980 

1.005 

dynes per cm. 

72.28 i 

dynes per cm. 

33.96 

0.05 

it 


1.014 

70.30 

28.72 

0.05t 

HCl 

1.0078 

1.060 

65.63 

23.58 

0,05 

NaT 

1.0532 

1.022 

66.88 : 

23.02 

0.05 

NaOH 

1.0206 

1.118 

57.51 

15.96 

0.05 

NaHCOs 

1.0262 

1.124 

66.43 ! 

25.11 

0.05 

NaaSOij 

1.0595 

1.248 

61.35 

24.81 

0.1 

None. 

0.9996 

1.024 

68.99 

26.38 

0.409 

it 


1.054 

66.27 

20.39 

0.409 

HCl 

1.0075 

1.373 

62.82 

20.24 

0.409 

Nal 

1.0537 

1.057 

59.64 

19.66 

0.409 

NaOH 

1.0214 

1.169 

52.62 

12.03 

0.409 

NaHCOa 

1.0276 

1.147 

58.20 

20.58 

0.409 

Na2S04 

1.0610 

1.274 

60.76 

21.20 

0.415 

None. 

0.9994 

1.056 

66.30 

20.15 

0.415§ 

u 

1.0000 

1.056 

65.09 

25.49 

0.918 

it 

1.0012 

1.057 

61.67 

21.52 


Determinations made with 90 per cent benzene, sp. gr. 0.8745. 
t Values for egg albumin, percentage concentrations 0.05 and 0.409, 
taken from curves. All others actual determinations. 

t Heavy precipitate formed in both cases with HCl. Determinations 
made with solution taken from top. 

§ Determinations made with fresh solution. All other determinations 
with egg albumin were made with solutions 2 weeks old. In the latter 
case albumin settled out of solution which was filtered off without redeter- 
mining the percentage strength of the solution. 

deucy to form films by adsorption at liquid interfaces may be easily 
seen with the eye if water is dropped into benzene and not shaken. 
The surface tension of egg albumin solutions has been the subject 
of considerable controversy. Quincke®^ and ZlobickP^ and others 
state that it diminishes the tension at water-vapor surfaces, 
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while Iscovesco'^® found that it increases the surface tension. As 
a matter of fact it does both — increasing in the most dilute solu- 
tions and decreasing in the more concentrated. The surface 
tension values shown in Table VIII are reminiscent of gum arabic 
in that all electrolytes lower, with sodium hydroxide most effective. 
Hydrochloric acid, of course, is adsorbed and causes precipitation. 
The same relations hold true at the solution-benzene interface. 
Thus 0.5 M sodium hydroxide in 0.918 per cent egg albumin lowers 
the intcrfacial tension by more than 22 dynes, considerably the 
greatest effect observed in any of the emulsifying agents. Chemi- 
cal action such as the formation of sodium albuminate and hydro- 
lytic cleavage account for.this.®^ 

The viscosity of albumin emulsoids has been the subject of 
numerous investigations.*^^ Hardy^^ and Bottazzh® have shown 
that viscosity is dependent upon protein ions, is at a minimum 
when these are absent, and that addition of acids and bases should 
increase viscosity. It is clearly evident from Table VIII that in 
these experiments variations in viscosity are not important. Ef- 
ficiency as an emulsifying agent must, therefore, be related here 
to adsorption and film formation and it would be expected that 
the best results would be obtained in the presence of sodium hydrox- 
ide which lowers the interfacial tension to the greatest extent. 
This is found to be true. Excellent emulsions were obtained with 
every solution of egg albumin, all by far better than any with the 
preceding four emulsifying agents, of these the most stable had 
present sodium hydroxide. This is entirely in keeping with the 
finding of Zsigmondy^® who gives the following gold numbers for 
proteins contained in egg albumin: 



Gold number. 

Globulin. 

0.02 -0.05 

Ovomucoid 

0.04 -0.08 

Crystallized egg albumin 

2.0 -8.0 

Other con-albumin. 

0.03 -0.05 

Alkali albuminate 

0.006-0.01 



IsGovesco, H., Compt. rend. Boc, hiol.j 1910, Ixix, 622; 1911, Ixx, 11, 66. 
Handovsky, H., Biochem. Z., 1910, xxv, 510. 

Cf. Ostwald,2® p. 155. 

Hardy, W. Bvj Physiol.^ 1905-06, xxxiii, 251. 

Botta 2 ! 2 :i, F., Alti, R. Accad. Lined, 1913, xxii, 141, 263. ' 
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SUMMART. 

1. The purpose of the researches described in this paper has been 
to determine by quantitative measurement what the attributes 
essential for an emulsifying agent or colloid protector are, and 
what kind of substance is best in this respect among non-elec- 
trolytes* 

2. Quantitative measurements are made by the most accurate 
methods known of surface tension, interfacial tension, and vis- 
cosity of solutions of sugars, dextrin, starch, gum arabic, and egg 
albumin at all concentrations, both alone and in the presence of 
each of five electrolytes: hydrochloric acid, sodium hydroxide, 
iodide sulfate, and bicarbonate* To enable a practical test of 
theoretical principles a study of actual emulsions is also made with 
each of the above five substances alone and in the presence of each 
of the five electrolytes. 

3. There are two factors of predominating importance in con- 
sidering sugar as an ermilsifying agent, i.e, viscosity and ability 
to lower the interfacial tension, with viscosity of primary impor- 
tance. The chemical nature of the oil used in making emulsions 
will determine to some extent the efficiency of sugar as an emulsi- 
fying agent while the chemical nature of the liquids being emulsi- 
fied is also important. 

4. The inversion of sucrose, measured for the first time by sur- 
face tension methods, is accompanied by a slight increase in 
surface tension. Experimental data shown herewith indicate that 
invert sugar is no more efficient than is sucrose in holding up sus- 
pensoids or emulsoids. 

5. Eor the first time experimental confirmation is given of the 
fact that dextrin is of the same chemical nature as starch but 
smaller homogeneous particles. 

6. Dextrin is found to be a better emulsifying agent than starch. 
Viscosity and lowering of interfacial tension is here again of pre- 
dominating importance in producing the best emulsions, with, 
however, viscosity of only secondary importance. 

7. Two types of viscosity from the standpoint of emulsification 
are discussed: that of a molecular dispersoid which has a true in- 
ternal friction resisting some molecular motion and that of an 
emulsoid which offers no hindrance. 
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8. Lowering of interfacial tension and viscosity produce favor- 
able emulsifying conditions for solutions of gum arabic. 

9. Efficiency as an emulsifying agent for egg albumin is related 
to adsorption of film formation. Better emulsions were obtained 
with egg albumin than with any one of the four other substances 
under consideration. 

10. No one general rule can be made as to the effect which pro- 
duces the best emulsions for any one substance nor can any one 
generalization be made for the effect which produces best emul- 
sions for all substances under all conditions. Those which seem 
to be of predominating importance are viscosity and film forma- 
tion, the latter effect being of primary importance since it was with 
egg albumin, where a film formation is quite marked, that the 
best emulsions were obtained among all five of the substances 
under consideration in this study. 



THE ACTION OF MUSCLE TISSUE ON FUMARIC, MALEIC, 
GLUTACONIC, AND MALIC ACIDS. 

By H. D. DAKIN. 

(Scarhorough-on-^Hudson,) 

(Received for publication, March 1, 1922.) 

The most recent experiments of Einbeck (1) on the oxidation of 
succinic acid by muscle extract lead him to conclude that the 
reaction proceeds primarily with the formation of fumaric acid 
and that the latter acid, by means of a balanced reaction, is con- 
verted into optically inactive malic acid to the extent of about 75 
per cent: 

H00C-CH2-CH2‘C00H HOOC-CH = CH-COOH 
HOOC-CH = CE-COOH ^ HOOC^CHOH-CHa.COOH 

Passing reference may be made to the fact that Battelli and 
Stern (2) had already indicated the formation of optically inactive 
malic acid from succinic acid by means of their ^^succinicoxydon” 
though their chemical identification of the acid can hardly be 
regarded as convincing. Subsequently Einbeck (3) regarded 
fumaric acid as the sole product of this reaction; an error which 
he has himself corrected. 

The formation of optically inactive malic acid as the result of en™ 
zyme action seemed so anomalous to the writer that it was decided 
to repeat Einbeck^s experiments, especially as Einbeck gives no 
details of the experimental conditions under which the polarimetric 
observations were made. The result of the writer’s experiments 
is to show that exclusively Z-malic acid results from the action of 
muscle enzymes on salts of fumaric acid. This asymmetric syn- 
thesis possesses additional interest from the fact of the stereo- 
chemical similarity of Z-malic acid and d-lactic acid and may be of 
significance in connection with the hypothetical formation of 
malic and lactic acids in the intermediary catabolism of glutamic, 
j9-hydroxyglutamic, and allied amino-acids (4). 

183 
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Experiments with maleic acid showed that its behavior was 
entirely different from the st cr coisomer ic fiimaric acid. No trace 
of optically active malic acid was formed on digestion of its sodium 
salt with muscle and the substance was practically uncliangecL 
This result accords with Thunberg’s (5) observation of the dele- 
terious affect of maleic acid on the x’espiratory exchange of musclej 
in marked contrast with the effect of fumaric acid. 

Glutaconic acid, the homologue of fumaric acid and presumably 
possessing a “fumaroid^^ rather than “maleinoid^’ structure, gave 
a small amount of /3-hydroxyglutaric acid which was of necessity 
optically inactive owing to its symmetric constitution. The bulk 
of the glutaconic acid was recovered unchanged however. It is 
perhaps unfortunate that the action of the muscle enzymes on 
glutaconic acid should not have given a more definite result, 
since, as is well known, there is still a certain amount of doubt as 
to the actual structure of glutaconic acid in solution. Its un- 
doubtedly mobile hydrogen atom has been variously represented 
by different formulas, and there was a possibility that the action 
of enzymes might have thrown some light on the problem. At any 
rate, it is clear that glutaconic acid undergoes a change with muscle 
enzymes to an almost insignificant extent when compared with 
fumaric acid. 

Finally, experiments were made in which the sodium salt of 
inactive malic acid was subjected to the action of muscle enzymes. 
The specific rotation of the residual malic acid was found to be- 
come progressively more and more dextro-rotatory reaching an 
equilibrium in about 6 hours and then remaining practically con- 
stant or receding slightly. The explanation of this result is 
ascribed to the preferential convertion of the levo component of 
inactive malic acid into fumaric acid. Had the dextro and levo 
components been convertible into fumaric acid with equal case 
the whole of the residual malic acid would have been the levo 
variety since this active acid is in equilibrium with fumaric acid 
as already described. The observed formation of d-malic acid 
may be represented as follows: 

d4-Malic acid d-malic acid -f fumaric acid 
Fumaric acid ^ Z-malic acid 

It would appear from the results that d-malic acid is not readily 
converted into fumaric acid by the action of muscle enzymes. 
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The asymmetric production of Z-malic acid from fumaric acid 
by the action of muscle enzymes has hitherto not been simulated 
by ordinary chemical reagents of* known structure. Reference 
may be made to an unsuccessful attempt at such an asymmetric 
synthesis of malic acid from maleic.acid. Biilmann (6) has shown 
that maleic acid gives a complex mercury salt on reacting with 
mercuric acetate which on decomposition gives malic acid almost 
quantitatively. Biilmann’s salt has the following structure con- 
taining an asymmetric carbon atom: 


HO— CH-C02' 
CHa-COOHg-CH-COa' 


^Hg 


It was thought possible that by using the mercury salt of lactic 
acid in place of the acetate that optically active malic acid might . 
result. The Z-lactate gave the desired salt, but the malic acid 
resulting from its decomposition was entirely optically inactive. 


EXPEKIMENTAL. 

Fumaric Acid . — In each experiment 5 gm. of pure fumaric acid 
were converted into the neutral sodium salt and diluted to 500 cc. 
This solution was mixed with 100 gm. of minced sterile muscle 
from either a rabbit or dog. Polarimetric observations showed 
that equilibrium was reached between fumaric and malic acids 
in about 6 hours so that antiseptics were unnecessary unless di- 
gestion was prolonged. 

At the end of 6 hours digestion at 40°, polarimetric observation 
on the filtrate obtained by coagulating a portion of the fluid and 
adding solid uranium acetate showed that from 3 to 3.5 gm. of 
Z-malic acid had been formed. The Z-malic acid was isolated as 
follows: The digestion mixture which was distinctly acid was 
coagulated by heating on a steam bath and the coagulated pro- 
teins were filtered off and washed. The filtrate was then concen- 
trated under reduced pressure to a volume of about 200 cc. A 
slight excess of lead acetate (20 gm.) was then added in concen- 
trated solution and then ammonia until the supernatant fluid was 
no longer acid. A third of the volume of alcohol was then added 
and the precipitate, containing the fumarate and malate, was 
allowed to stand over night in a cold place. The precipitate was 
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then filtered off, washed with cold water, and decomposed with a 
slight excess of sulfuric acid. The filtrate was then made alkaline 
by the addition of crystallized barium hydroxide (18 gm,) and the 
precipitate, containing fumaric and phosphoric acids, was remoA^ed 
by filtration. The malic acid in the filtrate was then recovered by 
precipitation in neutral solution as the silver salt in the customary 
fashion. The precipitate on decomposition with hydrogen sub 
fide gave 2.67 gm. of crude malic acid which slowly crystallized 
from its concentrated aqueous solution. Its final purification was 
readily effected by dissolving it in water (15 cc.) and extracting it 
with butyl alcohol under reduced pressure in the apparatus pre- 
viously described (7). On evaporating the butyl alcohol and 
dissolving the residue in a minimum of water, 2.4 gm. of pure 
crystalline malic acid were readily obtained. 

Analysis. 0.1474 gm. substance: 0.2102 gm. CDs, 0.0591 gm. 

CJIgOs. Calculated. C 35.8, H 4.48. 

Found. « 35.7 4.46. 

Optical Rotation. In water, c = 16.6; 1 = 2.2; a = —0.62® 

Ic^ - - 1 . 7 ^ 

In pyridine, c = 5.0; 1 = 2.2; a - — 3.30® 
la]^ - - 30.0° 

In 10 per cent uranium acetate, c = 0.5; 1 = 2.2; 
a =: -5.30® 
laf^ = - 482® 

The above figures prove conclusively that muscle enzymes 
acting on fumaric acid convert a large proportion of the latter 
substance into optically pure bmalic acid. 

Maleic Act'd.— Freshly distilled maleic anhydride (5 gm.) was 
converted into the neutral sodium salt and then digested in 1 per 
cent solution with fresh muscle (100 gm.). No optically active 
malic acid could be detected on adding uranium acetate and ex- 
amining the filtrate in the polarimeter, while much unchanged 
maleic acid was left in the solution and could be recovered on 
extraction with ether. It was noted that 1 per cent solutions of 
sodium maleate exercised a marked antiseptic action on muscle 
extract. The experiments with maleic acid were essentially simi- 
lar to those described for fumaric acid but gave uniformly negative 
results. 



H. D. Dakin 


187 


Glutaconic Acid . — This acid was prepared in the usual way by 
the hydrolysis with hydrochloric acid of the ethyl ester of gluta- 
conic dicarboxylic acid. 5 gm. of the pure acid were neutralized 
with soda and the solution (500 cc.) digested for 20 hours at 40° 
with 100 gm. of fresh dog muscle. The solution was then heated 
on the steam bath to coagulate proteins and filtered. The filtrate 
had a trifling rotation in a 2.2 dm. tube which was only increased 
to 0.10° on adding uranium acetate. The bulk of the filtrate was 
concentrated to 100 cc., strongly acidified with phosphoric acid, 
and then extracted with ether in a continuous extractor for 12 
hours. The ether extract on treatment with a little water de- 
posited much unchanged glutaconic acid. The mother liquor 
from the crystals was well dried in vacuo and then treated in the 
cold with excess of acetyl chloride. A solid mass at once separated 
which also contained much glutaconic acid. It was treated with 
warm chloroform in which the latter acid is insoluble and filtered 
off. In all slightly over 3 gm. of unchanged glutaconic acid were 
recovered. On concentrating the chloroform mother liquor a 
small amount (0.5 gm.) of crystals which after recrystallization 
from chloroform melted at 87°, was obtained and proved to be 
jS-acetoxyglutaric anhydride. The substance was identical in 
properties with those given by Blaise (8) who also obtained it by 
the action of acetyl chloride on jd-hydroxyglutaric acid. The 
results of the experiment indicate that muscle enzymes act much 
less vigorously on glutaconic than on fumaric acid but that a small 
amount of symmetrical id-hydroxyglutaric acid is produced. 

Inactive Malic Acid . — The acid was recrystallized by dissolving 
10 gm. in 10 cc. of absolute alcohol and adding 30 cc. of chloroform. 
Good crystals of the inactive acid (7 gm.) were readily obtained 
by this method. 5 gm. of the acid were converted into the neutral 
sodium salt and the solution diluted to 500 cc. was digested with 
110 grn. of rabbit muscle at 40°. After varying lengths of time 
portions of the mixture (20 cc.) were withdrawn, heated in a water 
bath to coagulate proteins, and then shaken with 2.5 gm. of uran- 
ium acetate. The filtrate was then polarized in a 2.2 dm. tube. 
The results were as follows: 
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Time, 

Rotation. 

Appro.ximate amount of 
rf-iTialic acid. 

krs. 


gm. 


+0 .02 

0.13 

0 .5 

+0 .31 

0/27 

1.5 

+0 .60 

0 .53 

4.5 

+1.17 

0.52 

7.5 

+1 .15 


23 .0 

+ 1 .10 

0.50 


On working up the digestion mixture as described for the fumaric 
acid experiments, it was found that the residual malic acid re- 
covered was dextro-rotatory as the preliminary polarimetric ob- 
servations indicated. Small amounts of fumaric acid were also 
separated. It is therefore concluded that the levo component of 
inactive malic acid passes over into fumaric acid more readily 
than the dextro component. 

In conclusion reference may be made to the bis-phenylhydrazide 
of inactive malic acid which seems not to have been previously 
prepared, and which might prove useful for identification purposes. 
It was obtained by heating inactive malic acid (1 mol) in 10 per 
cent aqueous solution with phenylhydrazine (3 mols) and acetic 
acid (1.5 mols). After 3 or 4 hours heating on the water bath the 
hydrazide separated out of solution as a granular crystalline mass, 
which was filtered off and washed with a little alcohol. The sub- 
stanceus much less soluble in hot alcohol than the corresponding 
derivative of active malic acid described by Bulow (9) and by 
Fischer and Passmore (10) and is best crystallized by dissolving 
it in a little hot glacial acetic acid and adding an equal volume of 
water. It crystallizes readily in colorless prisms melting at 221- 
224° (uncoiTected) . 

Analysu, 0.1404 gm. substance: 0.3130 gm. CO 2 , 0.0731 gin. IlaO. 

C 16 H 18 N 4 O 3 . Calculated. C 61 .1 , H 5.73. 

Found. 60.9 5.79. 

SUMMARY. 

The enzymes of muscle tissue convert salts of fumaric acid into 
optically active malic acid. The levo variety is exclusively formed 
as opposed to Einbeck^s statement that inactive malic acid is 
produced. 
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Maleic acid under similar conditions gives no optically active 
malic acid while glutaconic acid gives a little symmetrical 
/3-hydroxyglutaric acid. On subjecting inactive malic acid to the 
action of muscle enzymes, the residual malic acid contains an excess 
of the dextro comporysiit while some fumaric acid is produced. It 
would appear that the levo component is more readily converted 
into fumaric acid than the dextro component. 

The bis-phenylhydrazide of inactive malic acid is described. 

An attempt to effect an asymmetric synthesis of active malic 
acid by the action of mercury Hactate on maleic acid %vas 
unsuccessful. 
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DETERMINATION OF FATTY ACIDS (AND CHOLES* 
TEROL) IN SMALL AMOUNTS OF BLOOD PLASMA. 

By W. R. BLOOR, K. F. PELKAN, and D. M. ALLEN. 

(From the Laboratories of Biochemistry, University of California, Berkeley,) 

(Received for publication, Marcli 7, 1922.) 

Fatty acids being the essential metabolic constituents of the 
lipoids of the blood, their determination along with that of 
cholesterol gives the best measure of its gross lipoid content. 
When time and material are available these substances are prob- 
ably best determined by the gravimetric method (1), by which 
they are isolated and weighed; but the gravimetric procedure is 
tedious and the amounts of blood necessary are not readily ob- 
tainable from small experimental animals, and even in the case 
of human beings it is often not desirable to remove the amount 
necessary for duplicate determinations, especially on plasma, since 
at least 100 cc. of blood would be required. In small animals 
the removal of such a large amount of blood (2) may set up reac- 
tions (e.g, lipemia), which would entirely destroy the value of any 
subsequent determinations. For these reasons a method was 
devised some years ago which required only small amounts of 
blood (3) and by which determinations could be made in a rela- 
tively short time. The method depended on the extraction of 
the lipoid material from the blood by alcohol-ether, saponification of 
the lipoid by alkali, and determination of the fatty acid and chol- 
esterol together, by the use of the nephelometer, the suspensions 
on which the measurement depends being formed in water by the 
use of an acid. The suspension is not stable but changes in 
nephelometric value rather rapidly, so that conditions established 
for precipitation and reading must be closely adhered to. Chol- 
esterol was determined separately in another sample of extract 
^by the colorimetric method (4), the value so obtained subtracted 
from the value for ^Total fat^^ obtained above and the difference 
taken as the fatty acid value. Figures for fatty acid obtained 
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by this method are higher than those obtained by the graviinetric 
methods, one reason for which, as pointed out by Csonka (5), is 
the fact that the nephelometric value of cholesterol is considerably 
greater than that of the fatty acids. Csonka observed further 
that the nephelometric values for various fatty acids as obtained 
by the acid precipitation were not equal and that, therefore, the 
use of the method might lead to quite incorrect results. For 
these reasons a revision of the method was called for and the pres- 
ent paper records the results of attempts made to obviate the 
difficulties mentioned. 

The alcohol-ether treatment has been found to give a sufficiently 
close extraction of the blood lipoids, a finding which has been 
borne out by the work of other investigators (6, 7)^ and it has 
therefore been retained. 

To neutralize the error due to cholesterol a mixed standard of 
fatty acid and cholesterol approximating the proportions found 
in the blood was first tried but was given up, since although in 
normal blood the relation between fatty acid and cholesterol is 
fairly constant such is not the case in blood under abnormal con- 
ditions. Also, the relation between fatty acid and cholesterol in 
blood plasma was found to be different in different animals and a 
separate standard would be necessary for each. 

The use of a table of corrections constructed from values ob- 
tained with known mixtures of fatty acid and cholesterol gave 
more promise of success since although cholesterol and fatty 
acids do not always vary to the same extent, their variations are 
generally in the same direction and a fair approximation to the 
true value may be obtained. But both schemes are rendered 
unsafe by uncertainty regarding true cholesterol values in blood 
since it has been made very probable by work in this and other 
(8, 9) laboratories that there is present in blood another substance 
than cholesterol which gives at least the color reactions of choles- 
terol and may behave like it in other ways. 

It was felt therefore that if the nephelometric determination 
were to be retained two things should be accomplished: (a) a 
separation of the cholesterol from the fatty acid; and (6) a method 
of precipitation for the fatty acids which would give values as 
nearly alike as possible for the different fatty acids and especially 
for oleic and palmitic acids, which as far as the limited data on the 
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I subject show, are the commonest ones found in blood; or failing 
in that to find a method of precipitation which would give values 
close to those found for the blood fatty acids by the gravimetric 
method. In the procedure finally adopted the cholesterol is 
separated from the fatty acid by taking advantage of the fact 
that dry soaps are practically insoluble in cold chloroform while 
cholesterol dissolves readily. 

Two methods for the nephelometric determination of the fatty 
acids were attempted, one of which (the acid precipitation) gives 
results which are in good agreement with the values obtained 
grayimetrically and which may, therefore, for the present be rec- 
ommended for use in the determination of fatty acids in blood, 
although it fails with certain of the known fatty acids and their 
mixtures; and another (calcium precipitation) which gives results 
on blood considerably below those obtained gravimetrical^, but 
which with the known higher fatty acids and their mixtures gives 
results which are on the whole considerably more accurate than 
those obtained by the acid precipitation. 

In Table I are contained the nephelometric values of different 
mixtures of oleic and palmitic acids using the two methods of- 
precipitation under different conditions, and with different stand- 
ards. Oleic and palmitic acids were dissolved in alcohol so that 
each 5 cc. contained 2 mg. of the acids or mixtures of them made 
in different proportions. Determination of the contained fatty 
acid was made as follows. 

Acid Precipitation , — 5 ce. of the fatty acid mixture were run 
with stirring into 100 cc. of distilled water in a beaker, then 10 
cc. of a mixture of 1 part of concentrated hydrochloric acid and 
3 parts of water added with stirring. After standing for 3 to 5 
minutes comparison was made in the nephelometer with the 
standard similaiiy prepared. 

Calcium Precipitation . — 100 cc. of distilled water, free from 
carbon dioxide, were measured into a beaker and 4 cc. of the cal- 
cium reagent (10 per cent calcium acetate to which has been added 
enough sodium hydroxide solution to produce a permanent pre- 
cipitate which was then filtered off) added. 5 cc. of the fatty 
acid solution were run in from a pipette with stirring, and readings 
hnade by comparison with the standard similarly prepared. 



194 


Determination of Fatty Acids 


The values are expressed in terms of the standard taken as 100 
and each is the average of two closely agreeing determinations. 

An examination of the first line of the table — cold acid precipi- 
tation with oleic acid as standard — shows the great variation in 
nephelometric values which may be obtained with different mix- 
tures of the two acids. Further examination brings out the im- 
portant fact that there is a sharp break in the values betw<^n 
oleic 60 palmitic 40 , and oleic 50 palmitic 50 , those from the 


TABLE I. 

Nephelometric Values of Mixtures of Oleic and Palmitic Acids {Stan- 
dard = 100), 


standard. 

Oleic 90 per cent, 
Palmitic 10 per cent. 

Oleic 80 per cent, 
Palmitic 20 per cent. 

Oleic 70 per cent, 
Palmitic 30 per cent. 

Oleic 60 per cent. 
Palmitic 40 per cent. 

Oleic 50 i)er. cent, 
Palmitic 50 per cent. 

Oleic 40 per cent. 
Palmitic 60 per cent. 

Oleic 30 per cent. 
Palmitic 70 per cent. 

Oleic 20 per cent, 
Palmitic 80 per cent. 

Oleic 10 per cent. 
Palmitic 90 per cent. 

Palmitic 100 per cent. 

Cold 

acid 

precipitation 

To 

O 

o 

o 





Oleic 100 per cent 

103 

97 

96 

97 

176 

200 

210 

230 

250 

176 

Hot acid precipitation (50-60®C.). 

Oleic 100 per cent 

100 

! 90 

93 

79 

81 

79 

77; 

70 

79 

66 

Oleic 60 per cent, palmitic 









i 


40 per cent 

107 

110 

107 

100 

104 

100 

93 

100 

100 

97 


Calcium precipitation. 


Oleic 50 per cent, pal- 
mitic 50 per cent 

103 

101 

100 

97 


91 

90 

88 

88 

87 

Oleic 100 per cent 

100 

97 

94 

.96 

94 

87 

83 

85 

88^ 

81 


. former point onward being very much higher than the preceding 
ones, which are quite constant and practically identical with the 
standard. In seeking an explanation for the sharp break in 
values it was recalled that oleic acid in suspension would be liquid 
(forming an “emulsion colloid’^? palmitic acid in suspension 
would be solid (forming a “suspension colloid^ 0? while mixtures 
of the two would be either liquid or solid depending on the pro- 
portion of each. Evidently in water at room temperature the 
mixtures containing 60 per cent or more of oleic acid are liquid 
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and behave like oleic acid while those containing less than 60 per 
cent are solid and behave like palmitic acid. That, however, there 
are other factors involved, is rendered probable by the fact that 
certain mixtures of oleic and palmitic acids give higher values than 
either palmitic or oleic acid, recalling the similar behavior of the 
melting points of mixtures of the fatty acids. From the results 
it might be inferred that any mixture of fatty acids of a lower 
melting (or solidifying) point than oleic 60 palmitic 40 may be 
determined by the acid precipitation method with a good degree 
of accuracy; an inference which is borne out by the fact shown in 
Table II, that the acid precipitation method is accurate for the 
blood fatty acids, the melting and solidifying points of which are 
always below those of this oleic-palmitic acid mixture. 

Thinking to overcome the effect of these differences in state, 
determinations were carried out at a temperature at which all the 
fatty acids would be liquid. The results of this experiment may 
be seen from the second and third lines of Table I — the nephe- 
lometric values are reversed, palmitic acid and its mixtures with 
oleic acid giving lower values than oleic acid alone. By changing 
the standard from oleic acid alone to a mixture of 60 per cent 
oleic and 40 per cent palmitic acids, values are obtained for the 
different mixtures sufficiently close to each other (Line 3, Table I) 
to warrant the belief that satisfactory determinations on blood 
fatty acids could be made in this way. Nevertheless, the use of 
hot solutions is inconvenient and might lead to inaccuracies, 
since in the small nephelometer tubes rapid cooling takes place 
and unless readings are made promptly erroneous values are ob- 
tained. Moreover, the influence of temperature on the solubility 
of the fatty acids and their mixtures is an unknown quantity. 

For these reasons it was decided to attempt some other method 
of precipitation and consideration was given to the metals, most 
of which give insoluble salts with the fatty acids. It was found 
that precipitation by, metals in acid solution gave the same results 
as precipitation by acid alone and that, therefore, an alkaline 
reagent must be used. The necessity of precipitation in alkaline 
solution eliminates a good many of the metals and the presence 
of traces of substances such as chlorides in the blood digests 
eliminates others, so that the choice of precipitating metal was 
pretty well limited to those of the calcium group *and the final 
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choice was calcium. Examination of Lines 4 and 5 of Table I 
(calcium precipitation) shows that with oleic acid as standard the 
nephelometric values of mixtures of oleic and palmitic acids fall 
off gradually until with palmitic acid alone the difference is 19 
per cent. Using a mixture of equal parts of oleic and palmitic 
acids as standard, satisfactory values are obtained over a consider- 
able range of mixtures and the value for palmitic acid is only 13 
per cent below that of the standard. Calcium would therefore 
seem to be a satisfactory precipitant for the fatty acids of blood 
especially as the range of fatty acid mixture is probably not 
great — in fact the blood fatty acid mixture ordinarily has a melting 
point below that of a mixture of 60 parts oleic and 40 parts palmitic 
acid (see Column 6, Table II). Determination of the nephe- 
lometric values of the other higher fatty acids by the calcium prer 
cipitation gives the following values using a 50 per cent mixture 
of oleic and palmitic acids as the standard — a sufficiently close 
agreement considering the fact that these acids do not occur 
singly in the blood but always as mixtures. 

per C€7it 


Oleic 100 

Stearic 83 

Palmitic 8G 

Lin oleic 94 

Laurie 94 


The lower fatty acids, capric, caprylic, and lower, do not give 
precipitates with either calcium or acid in these dilutions. 

The precipitation of the fatty acids with calcium gives a cloud 
which is excellent for nephelometric purposes, being easily read, 
of practically the same tint for all the fatty acids and stable— 
the same values being .obtained whether the reading is made at 
once or at any time up to 1 hour, 

The promise thus held out for the usefulness of the calcium 
precipitation in the determination of blood fatty acids is not, how- 
ever, fulfilled when the method is applied to blood, the values 
obtained being much below those obtained by the gravimetric 
method which is used as the basic method (Table 11, Columns 1 
and 3). Its failure is not easy to explain. As noted above it 
gives good results with known fatty acids and vith various mix- 
tures of the two commoner ones (oleic and palmitic acids) either 
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when used directly with the fatty acids or after these have been sub- 
mitted to the treatment with alkali, drying, and separation with 
cold chloroform, etc., as in the method for blood described below. 
To get some information as to the factors responsible for the ab- 
normal calcium values the following experunents were made: (a) 
The fatty acids obtained in the gravimetric determinations were 
dissolved in alcohol and made up to a convenient volume (50 or 
100 cc.) and the fatty acid content was measured nephelometri- 
cally by means of the acid precipitation and the calcium precipita- 
tion. The results are given in Columns 4 and 5 of Table II. 
The values obtained by the acid precipitation (Column 4) agree 
quite well with the theoretical values as shown by the gravimetric 
determinations (Column 1) and also with the values obtained by 
the acid precipitation directly on the blood (Column 2).. The 
values obtained by the calcium precipitation (Column 5) are ir- 
regulai’ and in general much lower than the theoretical values. 
Sometimes they agree with the values obtained by the calcium 
precipitation directly on blood (Column 3) but mostly they do not. 
(6) Samples of the mixed fatty acids of beef blood prepared in large 
amounts for another purpose were submitted to the Twitchell 
(10) lead salt method for separating the solid and liquid fatty 
acids. Portions of the fractions thus obtained were dissolved 
in alcohol and measured by the two methods of precipitation as 
above. It was found that while theoretical values were obtained 
by both methods of precipitation with the solid fraction, only the 
acid precipitation gave good results with. the liquid fraction, the 
calcium results being much too low. 

These experiments indicate that there is present in the blood 
fatty acid mixture, probably in the liquid fraction, some material 
which precipitates with acid but not with calcium. Whether the 
“unknown” substance is fatty acid in a form not precipitable by 
calcium— anhydride, lactone, etc.— but which should properly be 
considered as fatty acid in the determination, or whether it is 
some other type of substance must be left for further work to de- 
cide but for the present it is assumed that the former is the case 
and that, therefore, the calcium precipitation cannot be recom- 
mended for the determination of the fatty acids of blood. 

Since the calcium precipitation is. not available for the fatty 
acids of blood, attention was again directed to the acid precipita- 
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tion in the hope of finding conditions in which it might be used. 
A hint ’ivas obtained from Table I, As noted above, in Line 1 it 
may be seen that using the cold acid precipitation with oleic acid 
as standard, values within 5 per cent of the true value may be 
obtained with mixtures of oleic and palmitic acids from 90 to 60 
per cent oleic acid but not with mixtures containing less oleic 
acid. Determination of melting and solidifying points of the 60-40 
mixture gave values of 48-49^C. and 41-43°C., respectively, both 
somewhat above the average body temperature of warm blooded 
animals. Having previously found in a few samples that the 
solidifying point of the blood fatty acid mixture was generally 
below body temperature, determinations were made of melting 
and solidifying points of a number of samples of blood fatty acids 
from different animals, the results of which are given in Columns 
6 and 7 of Table II. From these it may be seen that both melting 
and solidifying points are very close to body temperature, the for- 
mer being generally above 37°C. and the latter below it. The 
blood fatty acid mixtures then apparently fall within the limits 
shown in Table I, Line 1, w^here good results are obtainable by the 
acid precipitation, Le. they melt at a point below the melting 
point of the 60 per cent oleic-40 per cent palmitic acid mixture 
and that, therefore, the acid precipitation might probably be used 
for determinations of the fatty acids of blood. The series of com- 
parative determinations (Columns 1 and 2, Table II)’ using the 
Kumagawa-S'uto procedure as standard show this to be the case, 
the values obtained by the acid precipitation generally falling with- 
in 5 per cent of the values obtained by the gravimetric method. 
The acid precipitation method is, of course, open to the objection 
. that if fatty acid mixtures occurred in blood which were of higher 
melting point than the 60-40 mixture noted above values obtained 
by the acid precipitation would be inaccurate. But such does not 
appear to be the case, probably for the reason that the transport 
of fatty acids or their compounds which were solid at body tem- 
peratures would be difficult or impossible. 

Fatty acids added to the alcohol-ether extract of blood are re- 
coverable by this method within 5 per cent as are also fatty acids 
from a fatty acid-cholesterol mixture submitted to separation and 
determination as in the method. In spite of the theoretical 
limitations to its use mentioned above, the acid precipitation 
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method has, therefore, been adopted for determination of the 
fatty acids. Its absolute accuracy is probably not far from 5 per 
cent of the true value since the agreement of values obtained by 
it and by the gravimetric method is generally within that figure. 

TABLE II. 


Fatty Acids of Blood Plasma. 


Sample. 

Date. 

Fatty acids per 100 ce. 
of blood. ! 

Values of blood 
fatty acid 
(Column 1). 

Melting 

point. 

(0) 

Solidify- 

ing 

point. 

(7) 

Gravi- 

metric. 

(1) 

Micro 
(acid) . 
(2) 

Micro 

(Ca). 

(3) 

Micro 

(acid). 

(4) 

Micro 

(Ca). 

(5) 


mi 

mp. 

mff. 

mg. 

mg. 

mg. 

"C. 


Beef 

Nov. 7 

160 


150 





a 

‘‘ 9 

! 170 


117 

164 

107 



u 

14 

98 


75 

100 

72 



it 

“ IS 

172 

175 

133 

160 

60 



it 

20 

184 


100 

172 

120 



Dog 

24 

400 

428 

300 

390 

250 



Beef 

“ 28 

154 


100 

140 

92 

40 

35 

it 

29 

160 


136 

136 

80 



Dog 

Dec. 3 

300 

279 

177 

296 

120 

42 

38 

it 

« 7 

256 

237 

136 

270 

168 

38 

34 

it 

« 14 

188 

194 

125 

214 

130 

37 

31 

it 

19 

i 136 

146 

77 

132 

80 

38 

33 

it 

1 20 

i 180 

187 

150 

181 

140 

42 

36 

Pig . 

23 

160 

170 

155 

150 

94 

38 

32 

it 

29 

204 

190 

150 

210 

154 

37 

32 

it 

30 

166 

175 

136 

170 

100 

40 

35 


im 








it 

Jan, 13 

330 

'210 

136 



43 

38 

Beef. 

13 

192 

193 




39 

36 

it 

“ 14 

188 

193 




40 

36 

A mixture of 60 per cent oleic and 40 per cent palmitic. 

1 1 1 1 1 1 

48-49 

41-43 


For the separation of the fatty acids from cholesterol in the 
saponification residue, cold chloroform is used, which dissolves the 
cholesterol readily but the soaps very slightly. Large numbers 
of separations on known mixtures of fatty acids and cholesterol 
made as directed below show that the separation is accurate to 
within 5 per cent of the true value for either cholesterol or fatty 
acid. Either cholesterol or fatty acid added to blood extracts is 
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recoverable within this figure. Values for cholesterol in blood 
obtained by this method, as by the similar method previously 
described (11), are alwa3^s lower than those made on the alcohol- 
ether blood extract without saponification but are in good agree- 
ment with those obtained by other saponification methods. 
Similar differences between values obtained on blood extracts with 
and without saponification have been reported by other investiga- 
tors (8, 9) and since ordinarj^ cholesterol is not affected by the 
saponification it seems probable that some substance is present 
in blood which gives the cholesterol color reaction but which is 
sensitive to alkali. According to the investigators mentioned 
above the unknown substance is ordinarily present in considerable 
amounts (50 to 100 mg. per 100 cc. of blood), occurs in large 
amount in biliary disturbances (9) and may be entirely absent 
in cancerous conditions (8). 

Briefly, the results of the present investigation are as follows: 
The lipoid substances may be satisfactorily extracted from blood 
plasma, by treatment with excess of hot alcohol-ether. In these 
extracts the fatty acid constituents of the lipoids may be separated 
from the cholesterol by saponification of the extract and extraction 
of the saponification residue with cold chloroform, which extracts 
the cholesterol, leaving the fatty acids (soaps) behind. These 
may be extracted from the residue by hot alcohol. Determina- 
tion of the cholesterol is made on the chloroform extract after suit- 
able concentration, by the Liebermann-Burchard reaction. 

Determination of fatty acid is made on the alcohol extract 
nephelometrically using the acid precipitation method. The pro- 
cedure is as follows. 


Procedure, 

Extraction and Sajponificaiion , — 5 cc. of blood plasma are meas- 
ured into a 100 cc. flask containing about 75 cc. of a mixture of 
3 parts alcohol and 1 part ether (both redistilled). The plasma 
is made to enter in a slow stream of drops and the liquid in the 
flask is kept rotating rapidly to prevent the formation of large 
aggregates of precipitate. At once, or after standing till a con- 
venient time, the flask is immersed in boiling water with frequent 
and strong rotation (to prevent superheating) until the liquid 
begins to boil, then cooled to room temperature, made up to 



Bloor^ Pelkan, and Allen 


201 


volume, mixed, and filtered. For the determination a volume 
(10 to 20 cc.), containing about 2 mg. of fatty acid, is measured 
into a small Erlenmeyer flask (50 to 100 cc.) of Non-sol glass 
(Pyrex is less suitable because it is readily attacked by the strong 
alkali), 0.1 cc. of concentrated NaOH made from sodium is added 
and the mixture evaporated on the water bath. When the 
volume of liquid has been reduced to a few drops the flask should 
be rotated or shaken occasionally so as to distribute the 
liquid evenly over the bottom (but not over the sides). The 
drying is then continued until only 2 or 3 drops of liquid remain 
and the odor of alcohol is entirely gone. The alkali is then par-- 
tially neutralized by the addition of 0.1 cc. of dilute sulfuric acid 
(1 volume . concentrated acid, 3 volumes water), and the liquid 
well mixed and distributed over the bottom of the flask as before. 
The drying is then continued on the water bath until the residue is 
dry and all the moisture has disappeared from the sides of the 
flask. The process of drying is a very important step m the 
method, since the separation is not quantitative if the drying is 
either carried too far (in which case some of the cholesterol cannot 
be recovered by the cold treatment), or not far enough (when 
a part of the soap or fatty acids is extracted with the cholesterol). 
The amount of acid added should be somewhat less then enough 
to neutralize the alkali since otherwise fatty acids would be set 
free and dissolve in the chloroform. For the same reason the 
added acid should be well mixed with the residue in the flask so as 
to insure its complete neutralization. If there is not enough 
liquid in the flask to allow complete mixing, a drop or two of dis- 
tilled water should be added. The reason for the addition of acid 
is twofold, first to prevent destruction of cholesterol by the strong 
alkali (for contrary to the statements in the literature we have 
found that cholesterol is altered — at least as far as its color pro- 
ducing properties are concerned — by heating with strong alkali), 
and second by the formation of the crystalline sodium sulfate the 
residue is made porous so that the solvents penetrate readily. 
The heating- should be carried through all its stages on a water 
bath and not on an electric hot-plate' since it has been found im- 
possible to prevent overheating on the latter. 

Separation and Determination of Cholesterol , — After cooling, 10 
cc. of chloroform are added and the flask is allowed to stand for 
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10 minutes; it may be shaken occasionally so that the solvent 
may reach any material adherent to the sides. The chloroform 
extract is poured through a 5-i cm. hardened filter into another 
small flask and the extraction twice repeated with 5 cc. of chloro- 
form, If the drying and distribution of the salt have been carefully 
carried out, very little of the salt will break loose from the bottom 
of the flask during the chloroform extraction and the fatty acids 
are quantitatively retained. The combined chloroform extract 
is then evaporated down to 2 or 3 cc., poured into a 10 cc. glass- 
stoppered, graduated cylinder, made up to 5 cc. with chloroform 
washings from the flask, and the cholesterol then determined by 
the use of the Liebermann-Burchard reaction as follows : To the 
contents of the graduated cylinder made up to 5 cc. are added 1 cc. 
of acetic anhydride and 0.1 cc. of pure concentrated sulfuric acid, 
the cylinder is stoppered, and the whole well mixed. The cylinder 
is allowed to stand for 15 minutes at a temperature of 20-22°C., 
exposed to the same light by which readings are later to be made. 
(The color is sensitive to light and this precaution is necessary 
in order to avoid changes in tint during the reading.) It is then 
transferred to the colorimeter cup and compared with a suitable 
standard similarly prepared from pure cholesterol. The standard 
cholesterol for this purpose should contain ordinarily 0.5 mg. of 
cholesterol in 5 cc. of chloroform. 

Determination of Fatty Adds . — The residue in the small flasks 
after extraction with chloroform as above is treated with boiling 
alcohol for the extraction of the fatty acids (in the form of soaps) 
in the following way: 10 cc. of redistilled alcohol are added to each 
flask, the mixture is raised to boiling on an electric stove or water 
bath and kept boiling very gently for a period of 10 minutes. The 
hot alcohol is then poured through the small hardened filter which 
was used in filtering the chloroform into a 100 cc. Erlenmeyer flask. 
The extraction with alcohol is repeated once, using 5 cc. of alcohol, 
the hot extracting fluid being poured through the filter into the 
flask. The combined filtrates are evaporated to small volume, 
about 2 to 3 cc., then transferred quantitatively to asmall gradu- 
ated, glass-stoppered cylinder, and the flask is rinsed out with 
just enough alcohol to bring the volume in the cylinder up to 5 cc. 
100 cc. of distilled water are next measured into a 200 cc. beaker 
and the alcoholic extract of the fatty acid is added with stirring 
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through a small funnel with the stem drawn out to form an opening 
about 1 mm. in diameter and extending nearly to the bottom of 
the beaker. The cylinder is rinsed once wdth the solution in the 
beaker and the rinsings are poured back into the beaker through 
the funnel. To another beaker containing 100 cc. of water are 
added through a pipette with stirring 5 cc. of the alcoholic standard 
containing 2 mg. of a mixture of oleic and palmitic acids containing 
60 per cent oleic and 40 per cent palmitic acids in 95 per cent 
alcohol (redistilled). 10 cc. of dilute hydrochloric acid (1 part 
concentrated acid, 3 parts water) are added to each beaker with 
stirring, and after standing not less than 3 or not more than 10 
minutes the solutions are compared in the nephelometer. 

Solutions Used. 

Standard Fat Solution. — A 95 per cent alcoholic solution of 
palmitic and oleic acids of which 5 cc. contain 2 mg. of a mixture 
consisting of 60 per cent oleic acid and 40 per cent palmitic acid. 
The standard is conveniently made by first preparing solutions of 
oleic and palmitic acids, each containing 200 mg. of fatty acid in 
500 cc. of alcohol. For use 60 cc. of the oleic acid solution are 
mixed with 40 cc. of the palmitic acid solution. 

Standard Cholesterol Solution. — This is a solution of cholesterol 
in chloroform containing from 0.5 to 1 mg. of cholesterol in 5 cc., 
depending on the cholesterol content of the blood which is being 
measured. For most purposes a standard containing 0.50 mg. of 
cholesterol in 5 cc. of solution will be found suitable. For con- 
venience in weighing the cholesterol, a standard twenty times the 
strength of the final standard is prepared and this is diluted as 
needed. 

Sodium Hydroxide. — Made from metallic sodium by exposing 
the metal, in a closed vessel containing distilled water at room 
temperature, over a receiver to catch the hydroxide which drips 
off the metal. The action is slow but the apparatus requires little 
attention and a strong pure hydroxide is obtained. The appara- 
tus in use in this laboratory consists of a desiccator fitted as shown 
in Fig. 1. 

Chloroform. — The chloroform used must be neutral in reaction 
and free from moisture and alcohol. 
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Use of the Nephelometer— The nephelometer modified from the 
Duboscq colorimeter was used throughout. Since the nephe- 
lometer tubes filled with the same solution rarely give the same 
readings on the two sides of the instrument the standard must be 
adjusted' before readings are made. This is done by filling both 
tubes with the standard solution and inserting into the instru- 



ment, after which the jacket on the right is set at 30 mm. and the 
jacket on the left adjusted until the two light fields are equal. 
This point gives the equivalent of 30 mm. on the right side and 
calculations are made on tliis basis. The tube on the right is then 
filled with the solution to be tested and readings are made. 

Accurate determinations cannot be made if the standard and 
test solutions are more than 30 per cent apart. If wider differ- 
ences are found the determination should be repeated using more 
or less of the alcohol-ether extract as required to bring the two 
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solutions within the limit specified. In some cases (rabbit blood) 
it may be necessar^^ to use a weaker standard which is done by 
measuring 2 to 4 cc. of the standard fatty acid solution into one 
of the small graduated cylinders used for the test solution, filling 
to 5 cc, with alcohol, mixing, and then proceeding as with the test 
solution. 
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SOME HUMAN DIGESTION EXPERIMENTS WITH RAW 

WHITE OF EGG, 


By C. G. L. wolf. 

{From Addenhroohe^s Hospital, Cambridge, England,) 

(Received for publication, March 7, 1922.) 

There is a statement in a paper with the above title by 
M. S. Rose and G. MacLeod in the’ January number of this Journal 
which in the interests of the facts should be corrected. 

As set forth by them: 

^ Wolf and Osterberg .... found in one case with a total intake 
of 23 gm. of nitrogen 70 per cent of which was derived from raw egg white, 
the loss of nitrogen in the feces was 41 per cent of the intake ; but in another 
period, with a total intake of 14 gm. and 51 per cent of the nitrogen from 
the egg white, the loss was only 15 per cent of the total intake ’’ 

This is not so. In the second experiment alluded to, where 444 
gm. of cooked white of egg were consumed at breaMast, the utili- 
zation was 85 per cent, substantially the figure which these authors 
found in their own experiment. 

This is quite a different experiment from the first, where 1,000 
cc. of uncoagiilated white of egg were taken at a single meal. 
Hence, there is no conflict between the results of the two experi- 
ments. 

Were this last experiment repeated, I feel sure it would be found 
that a subject would not be able to utilize effectively so large an 
amount of uncooked egg white when it is administered in a single 
dose. This surmise receives confirmation from the results of the 
above named authors, when something over a third of the amount 
of raw egg white used in my experiments gave a difference in 
favor of cooked egg up to 14 per cent. In their paper they do 
not state whether the amounts of egg white were consumed at one 
meal or during the course of the day. This is a factor of some im- 
portance in estimating the effect of a large quantity of a food- 
stuff. 
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A NOTE ON THE NUTRITIONAL ADEQUACY OF THE 
PROTEINS OF THE CHINESE AND GEORGIA 
VELVET BEANS WITH REFERENCE TO 
AMINO-ACID COMPOSITION. 

By D. BREESE JONES, A. J. FINKS, and H. C. WATERMAN. 

{From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 

(Received for publication, March 15, 1922.) 

In an article entitled ‘The nutritive value of the proteins of the 
Chinese and Georgia velvet beans” Finks and Johns^ showed, by 
feeding experiments with albino rats, that when the isolated glob- 
ulins of these beans obtained by dialysis of a 10 per cent sodium 
chloride extract of the bean meal were fed, with or without cystine, 
little or no growth resulted. But, when the coagulated proteins 
obtained by boiling the sodium chloride extract were used, growth 
at the normal rate was obtained without the addition of any supple- 
mentary amino-acid or protein whatever. These results obtained 
with the coagulated proteins demonstrate that the failure to grow 
on either the bean meal or the unheated isolated dialyzed proteins 
was not due to an amino-acid deficiency. The failure to grow 
on the unheated dialyzed proteins was, therefore, ascribed to in- 
digestibility. Evidence confirming this assumption was obtained 
by Waterman and Jones, ^ who by means of digestion experiments 
in vitro showed that the coagulated preparations of the proteins 
of the Georgia velvet bean had a decidedly higher digestibility 
coefficient than the unheated proteins, and that the latter became 
as readily digestible as the coagula when they were boiled for a 
short time with distilled water. 

Barnett Sm*e in an article which appeared in a recent number of 
this JournaP presents the results of some experiments, which he 
interprets as indicating that the proteins of the Georgia velvet 

^ Finks, A. J., and Johns, C, 0., Am, J, Physiol,, 1921, Ivii, 61. 

? Waterman, H. C., and Jones, D. B., J, Biol. Chem., 1921, xlvii, 286. 

® Sure, B., J. Biol. Ghem., 1922, 1, 103. 
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bean are inadequate because of amino-acid deficiency and states 
that cystine is unquestionably a growth-limiting factor in the 
proteins of the Georgia velvet beand^ In this article the author 
refers to the publication of Waterman and Jones on the digestibil- 
ity in vitro of the proteins of the Chinese and Georgia velvet beaiiSj 
and states that we conclude that amino-acid deficiency cannot ac- 
count for the failure of the velvet bean proteins to promote growth. 
Dr. Sm’e conveys the impression that our statement which he 
cites was based solely on the results of chemical analyses of the 
velvet bean proteins, and on the results obtained by the digestion 
experiments in vitro, since he makes no reference to the publica- 
tion of Finks and Johns giving the results of their feeding experi- 
ments. He has also apparently overlooked our further statement 
immediately following the passage which he cites, that the proteins 
from either the Georgia or the Chinese velvet beans gave normal 
growth when 'prepared by coagulation. 

It is the purpose of this note to correct this impression, and to 
make clear that our statement referring to the amino-acid ade- 
quacy of the velvet bean proteins was based primarily on the 
fact that growth at the normal rate was obtained when the total 
proteins prepared by coagulation were fed to albino rats as the 
sole source of protein in a diet otherwise adequate. That normal 
growth was obtained on the isolated velvet bean proteins after 
the indigestibility factor had been eliminated by heating, shows 
that the amino-acids essential for growth are present in these pro- 
teins in adequate amounts. 



A COLORIMETRIC METHOD FOR THE DETERMMATIOH 
OF SMALL AMOUNTS OF MAGNESIUM.^ 

By F. S. HAMMETT and E. T. ADAMS. 

{From The Wistar Institute of Anatomy and Biology, Philadelphia,) 

(Received for publication, February 27, 1922.) 

The gravimetric method for the determination of magnesium 
is not adequate for the estimation of the small amounts of this 
element present in biological material such as the ash of the bones 
of small animals like the rat. The microcolorimetric method 
devised by Kramer and TisdalF is objectionable because of the 
nature and technique of the colorimetric comparisons. Inas- 
much as the procedure developed by these workers is really a 
determination of phosphorus precipitated presumably as ammo- 
nium magnesium phosphate, it would appear as if the colorimetric 
method for the determination of phosphorus published by Bell 
and Doisy^ would well be applied to the ammonium magnesium 
phosphate precipitate prepared according to Kramer and TisdalT 
and certain advantages be gained thereby. In the first place 
the color reaction used by Bell and Doisy^ is eminently satisfactory 
because the color developed is a linear function of the concen- 
tration of phosphorus in the solution. This is shown in Charts 
1 and 2, The values from which Chart 1 was plotted were 
obtained by comparing a standard solution of monopotassium 
phosphate containing 0.1 mg. of phosphorus diluted to 25 cc. 
after the development of the color according to Bell and Doisy^ 
and set at 20 mm. in the colorimeter, with the color developed 

* After this paper had been sent to press there appeared an abstract by 
Briggs (Briggs, A. P., /. Biol. Chem.y 1922, 1, p. xlviii) of a paper read by 
title only, at the JSTew Haven meeting of the American Society of Biological 
Chemists, in which the colorimetric principle used in our work was briefly 
mentioned. 

^Kramer, B., and Tisdall, F. F., /. Biol, Chem., 1921, xlviii, 223. 

2 Bell, R. D., and Doisy, E. A., J, Biol. Chem., 1920, xliv, 55, 
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by 3, 4; 6, 7, and 8 cc. of a solution of ammonium magnesium 

phosphate containing 0.02 mg. of phosphorus per cc., all diluted 
to 25 cc. The values from which Chart 2 was plotted were 
obtained by using a monopotassium phosphate standard con- 
taining 0.5 mg. of phosphorus and 15, 20, 25, 30, 35, and 40 cc. 
of the solution used in the first series, all diluted to 100 cc. after 
the development of the blue color. In the second place the 
necessity for the preparation of a long series of standards is 
obviated when the colorimeter is used instead of the awkward 
comparison involved in the iron thiocyanate method. 



Mg. 0.06 0.08 0.10 . 012 0.14 0.16 

Phosphorus 

Chaet 1. , 

In order to determine whether or not phosphorus precipitated 
as ammonium magnesium phosphate produces the same grade 
of color in the Bell and Doisy- reaction as is produced by other 
phosphates, 0.6017 gm. of monopotassium phosphate was put 
into a solution and precipitated in this form. The precipitate, 
after washing, was dissolved in dilute hydrochloric acid and 
diluted to 1 liter. 1 cc. of this solution was found to contain 
0.132 mg. of phosphorus by the colorimetric method of Bell and 
Doisy.2 The expected value was 0.136 mg, A second sample 
which weighed 0.5724 gm. when similarly treated gave 0.127 
mg. of phosphorus per cc. with 0.129 gm. expected. By gravi- 
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metric analysis it was found that the monopotassium phosphate 
was 99.13 to 99.18 per cent pure on the basis of its phosphorus 
content. These results demonstrate that phosphorus precipi- 
tated as ammonium magnesium phosphate is accurately de- 
terminable colorimetrically. The slightly low results are ex- 
plicable from the well known fact of the difficulty in the precipi- 
tation and recovery of all the phosphorus exactly as ammonium 
magnesium phosphate. This difficulty is particularly annoying 
in the precipitation of the small amounts of magnesium from bone 
ash solution according to the method of Kramer and Tisdall. 



Mg. 0.30 0.40 0.50 0.60 0.70 0.80 

Phosphorus 

Chakt 2. 

Meticulous care must be exercised in this precipitation and in 
the subsequent filtration and washing. 

In Table I are given the results of the combination of 
the technique of Kramer and TisdalF and Bell and Doisy^ on 
solutions of known phosphorus and magnesium content, with 
certain modifications- which are given in the following detailed 
description of the method as we use it on solutions of bone ash. 

5 or 10 cc. (depending on the weight of the bone ash obtained 
on incineration and the dilution of the solution made therefrom) 
of the clear supernatant liquid from the precipitation of calcium 
according to Kramer and TisdalT are pipetted into a 30 cc. 
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beaker and 1 cc. of (NH4)2HP04 solution, prepared according to 
the method of these workers, is added, drop by drop, and then 
2 cc. of NH40Ii, similarly. After standing over night the precipi- 
tate is filtered through asbestos in a 27 mm. Gooch crucible 
with mild suction, w^ashed ten times with 5 cc. lots of 10 per 
cent NH4OH solution and twice with 90 per cent ethyl alcohol, 
made alkaline with NH4OH. The crucible is replaced in the 
beaker and dried in the oven at 80°C. for a few minutes. 10 cc. 
of 0.01 N HCl are added to the contents of the crucible in the 
beaker and the whole is allowed to stand for 3 hours (it is allow- 
able to use 10 cc. of 0.1 N HCl with 1 hour standing) at room 

TABLE I. 

Magnesium Precipitated as Ammonium Magnesium Phosphate According 
to the Method of Kramer and Tisdall and Determined Colorimetrically 
hy the Method for Phosphorus of Bell and Doisy. 


From KH 2 PO 4 solution. 

From Mg2P207 solution in HCl. 

Expected. 

Obtained.* 

Expected. 

Obtained.* 

mg. 

mg. 

mg 

mg 

0.078 

0.074 1 

0.078 

0.071 


i 


0.076 

0.157 

0.159 

0.153 

0.143 

0.235 

0.230 

0.230 

0.219 




0.222 




0.230 

0.314 

0,302 

0.306 

j 

0.302 


* Average of two parallel determinations. 


temperature. The contents of the crucible and beaker are trans- 
ferred to the test-tube and the asbestos is separated by centrifu- 
gation. 5 cc. of the supernatant liquid are pipetted into a 25 
cc. graduated flask. Into a second 25 cc. graduated flask there 
are placed 5 cc. of a standard KH2PO4 solution containing 0.05 
mg. of phosphorus. 5 cc. of phosphate-free distilled water are 
added to both flasks. To each of the flasks there are added 1 cc. 
of the molybdic solution, 2 cc, of the hydroquinone solution, 
and after 5 minutes, 10 cc. of the carbonate-sulfite solution of 
Bell and Doisy The contents of the flasks are then made to 
the mark with distilled water, and after standing from 5 to 10 
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minutes, the unknown is compared with the standard in the 
colorimeter. The amount of phosphorus found in the test solution 
multiplied by 0.7835 X 2 gives the amount of magnesium in 
the sample removed from the supernatant liquid from the calcium 
determination. The reduction of this value to terms of percentage 
in the bone varies from sample to sample according to weight of 
ash, dilution of the ash solution, and the amount of material 
used for the calcium determination. Hence no set rule can be 
given for the final steps in the calculation. 

It is evident from the reported results that there is inherent 
in the method a tendency for the values to fall below the expected 
amounts. This may be due to incomplete precipitation or to 
solution during the washing. With care this loss can be held 
within about 3 per cent. The actual data show a mean deficiency 
of 3,45 per cent, with a probable error of the mean of 0.45 per 
cent and a standard deviation of 2.23 per cent. This is attrib- 
utable to the gravimetric procedures as shown by Bell and Doisy^ 
who also obtained lower results on gravimetric analysis. The 
mean deficiency of their corrected figures from the gravimetric 
analyses from the values obtained by the colorimetric method 
is 1.27 per cent, with a probable error of the mean of 0.21 per 
cent and a standard deviation of 0.98 per cent. When there is 
taken into consideration the fact that the amounts of precipitate 
they worked with were from 1,000 to 2,000 times the quantities 
we had, the deficiency and variability in our results are surpris- 
ingly low. 

The combined method as outlined is obviously applicable for 
the estimation of small amounts of magnesium in urine, blood, and 
tissue extracts or incinerations. Its main advantage lies in the 
colorimetric comparisons which ai^e exact and clean-cut. Its 
disadvantage lies in the possibility of incomplete precipitation or 
loss by solution during washing of the minute amounts of magne- 
sium present in biological material. The possibility that the 
precipitate may not always be pure anamonium magnesium 
phosphate must be also considered. Nevertheless, the values 
obtained from the standard magnesium solution as given in the 
table indicate that the method of precipitation here outlined is 
capable of yielding reasonably satisfactory results. Attempts at 
precipitation in hot solution produced obviously gelatinous 
precipitates and this possible modification was abandoned. 




OW SOME NEW COLOR REACTIONS OF CHOLESTEROL. 

By LOUIS KAHLENBERG. 

(From the Department of Chemistry^ University of Wfscowsm, Madison.) 

(Received for publication, March 7, 1922.) 

In the course of some investigations on the function of choles- 
terol in the animal body, the results of which will be reported at a 
later time, I found that cholesterol was readily soluble in quite a 
nmnber of anhydrous inorganic chlorides and bromides. Among 
these solvents are the following: PCI3, AsCL, AsBrs, SbCL, SnCh, 
SiCh, SiBr4, TiCh, SOCI2, POCI3, SeOCb, and CBr4. Since color- 
less solutions are obtained when cholesterol is dissolved in the 
ordinary solvents (such as chloroform, carbon tetrachloride, car- 
bon disulfide, alcohol, ether, and acetone), one would naturally 
expect the corresponding solutions of cholesterol in the above 
named anhydrous chlorides to be colorless. Such is indeed the 
case in many of these solvents. However, important exceptions 
to this rule occur, and to describe these is the special purpose of 
this article.^ 

Materials Used, 

Several samples of cholesterol were used in making the inves- 
tigation: 

1. A fine colorless sample of well formed odorless crystals of Kahl- 
baum’s make. It melted at 148.45 corrected, and after recrystallizing 
from absolute alcohol, it still had exactly the same melting point. 

2. A sample of Merckxs manufacture. The crystals were small but 
fairly well developed. They showed a slight tendency to stick together, 
had a faint yellowish tinge, and a slight odor suggesting that of lanolin. 
This sample melted at 143.0°C., corrected. On recrystallization from ab- 
solute alcohol, the melting point rose to 147.95°C. 


^ The investigation of the properties of the colorless solutions of choles- 
terol in anhydrous chlorides and many other solvents is in progress in this 
laboratory and it is hoped to have the experimental data ready for publica- 
tion soon. 
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3. Human gall-stones were pulverized and extracted with ether. After 
evaporation of the ether from the clear extract, the residue was recrystal- 
iized several times from absolute alcohol and finally from acetone. The 
crystals melted at 148.5°C. They were colorless and odorless and did not 
cling together. 

4. Cholesterol was prepared^ from the brains of normal young pigs 
raised on the University Tarm. These brains were well washed and freed 
from all bloody matter. They wmre then reduced to a pulp and mixed 
with plaster of Paris. After drying over night, the mass was broken into 
pieces of about the size of a grain of w^heat and transferred to percolators, 
the cholesterol being extracted by means of acetone at room temperature. 
The crystals obtained from this acetone solution were recrystallized sev- 
eral times from absolute alcohol. They were almost white, but they 
always sh o'Wed a slight tendency to cling together. Moreover, they always 
had a faint odor suggesting hog’s lard. When first obtained from the 
acetone solution, the sample melted at 146.0°C. After recrystallizing 
twice from absolute alcohol, the melting point rose to 148.15® and on 
further recrystallization, crystals melting at 148.5® were obtained. 

5. Cholesterol was similarly prepared from pigs’ brains obtained from 
Swift and Company, Chicago, through the kindness of Dr. W. D. Eichard- 
son, to whom I wish to express my thanks. The final crystals melted at 
148 .4 ®C., corrected. 

6. Cholesterol was finally also prepared from the spinal cords of pigs by 
the same method. When first obtained from the acetone solution the 
crystals melted at 144.5®. On twice recrystallizing from absolute alcohol, 
the melting point rose to 144.15®, and a final recrystallization yielded a 
product melting at 148.5 ®C., corrected. 

In some of the experiments described below, lanolin was tested 
as to its behavior toward the solvents and several samples of 
lanolin were employed. Two of these were obtained from Lehn 
and Fink, one was from Eimer and Amend, another from Merck, 
and a fifth one was an old sample that had been in the laboratory 
in a well stoppered bottle for over 10 years. All of these samples 
were of U.S.P. quality, and they all showed the same behavior 
toward each of the solvents employed. 

The solvents used were all of the highest purity manufactured 
by either Kahlbaum, Merck, Schuchardt, or Baker and Adamson, 
except the silicon tetrabromide which was prepared under my 
direction by one of my pupils, Mr. E. PI. Zobel. It boiled very 
constantly at 148,4°C. at 725 mm. The selenium oxychloride 
was a sample kindly furnished by Dr. Victor Lenher. 

® Compare the method of Rosenheim, O., J, Physiol, ^ 1906, xxxiv, 104. 
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EXPERIMENTAL OBSERVATIONS. 

The behavior of cholesterol when dissolved in each of the sol- 
vents employed was found to be as follows: 

In PCI3, POClsj SnCh, SiCU, SiBr 4 , and CBr 4 , all of the six 
samples of cholesterol above mentioned dissolved and yielded 
colorless solutions. 

In SOCI 2 , cholesterol prepared from human gall-stones (Sam- 
ple 3) and that prepared from brain or nerve tissues (Samples 1, 
4, 5 , and 6), dissolved readily at room temperatures. The solu- 
tion is of a beautiful wine color, changing to a brown on standing. 
On heating the wine-colored solution, it rapidly changes to brown, 
which at times has a very faint greenish hue.® When Merckxs 
cholesterol (Sample 2) was dissolved in SOCI 2 a beautiful wine- 
colored solution was also obtained. This changed to brown on 
standing. On gentle heating, the wine-colored solution changed 
to a brilliant dark green, which then passed over into brown. The 
color of these solutions is not discharged on adding benzene. 
When lanolin was dissolved in SOCI 2 a reddish brown solution was 
obtained which changed to brown on standing. On heating, the 
reddish brown solution passed over into brown more rapidly. 
On long standing, aU of the solution in SOCI 2 became very dark, 
almost black, in appearance. 

When crystals of cholesterol (Samples 1 to 6 inclusive) are 
rubbed in a mortar with crystals of SbCh, the mixture which is 
colorless at first, turns pink, then flesh color, gradually becoming 
more and more brownish in hue. On long standing, the crys- 
tals completely liquefy each other forming a reddivsh brown syrupy 
mass. In molten SbCb, cholesterol readily dissolves, yielding at 
once a rich dark brown solution as might have been expected from 
what has just been said. When lanolin is rubbed with SbCh 
crystals in a mortar, a dark brown paste is obtained, and when 
lanolin is introduced into molten SbCls a rich dark brown solu- 
tion is formed. 

^ In 1904, Diels and Abderlialden (Diels, 0., and Abderhalden, E., Ber, 
chem, Ges., 1904, xxxvii, 3102) prepared cholesterylchloride by the action 
of cholesterol on SOCb. While they must have observed the color changes 
that take place, they did not record them. 
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SbCls dissolves neither cholesterol nor lanolin. With choles- 
terol there is formed a chocolate brown, gummy substance, while 
with lanolin SbCh forms a very dark brown smeary mass. 

In TiCIi, cholesterol dissolves readily at room temperatures. 
All the cholesterol samples behaved alike toward this reagent, 
yielding a yellow solution which turned brown on adding more 
cholesterol. On heating this solution it became markedly more 
red in hue, developing a wine color on boiling and finally changing 
to a very dark browm. The solution of lanolin in TiCh is a rich 
dark brown at room temperatures, becoming redder and darker 
on heating, turning to a wine color, and finally to a rich dark 
brown. The color of the solutions in TiCh is not discharged by 
adding benzene. 

In SeOCb, all of the samples of cholesterol yielded a brilliant, 
dark slightly yellowish red solution which changed to a pale yel- 
low on dilution with benzene. Phytosterol yielded a yellowish red 
solution in SeOCb, while lanolin gave a reddish brown solution in 
that solvent. The reactions in SeOCh are not specially charac- 
teristic. 

By far the most interesting behavior is that observed when choles- 
terol is dissolved in AsCk. Indeed, it is the discovery of the behav- 
ior in that solvent which really led to this entire investigation, 
for it was found that the color of solutio7is of cholesterol in AsCh 
may be used to distinguish between cholesterol mid isocholesterol, and 
also between these on the one hand and phytosterol on the other. 

When cholesterol from nerve tissues or gall-stones (Samples 1, 
3, 4, 5, and 6) is dissolved in AsGls at room temperatures, the 
solution turns pink almost immediately, becoming redder in the 
course of a few minutes, and finally on standing, gradually assum- 
ing a pretty cherry-red color. If the solution is gently heated, 
the appearance of the cherry-red color is greatly hastened. How^- 
ever, if AsCh is first chilled to 0°C. or lower, cholesterol may be 
dissolved in it, yielding a solution that is practically colorless, 
and it may be kept so at low temperatures for sometime, for under 
these conditions, the pink color develops very slowly. On the 
other hand, if a solution of cholesterol in AsCb be heated, it 
changes very rapidly to the cherry-red hue and on continued 
boiling this goes over into a dirty green, which, however, on cool- 
ing and standing passes back into the cherry-red again. How- 
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every when once even a pink color is developed, the solution of 
cholesterol in AsCh will not become colorless again though it be 
kept chilled with a mixture of ice and salt; that is to say, the color 
reaction is not reversible. . Solutions of 1 per cent or much less 
of cholesterol in AsCls enable one to make all of these observations. 
In fact, it is better to w^ork with such solutions rather than more 
concentrated ones, for the latter give correspondingly deeper 
colorations that are not so well followed in their change of hue. 
The pink solution of cholesterol in AsCh changing to a deep cherry- 
red color is very characteristic of cholesterol, and it may be used 
to distinguish cholesterol from phytosterol, for the latter dissolves 
in AsCh, yielding colorless solutions which remain colorless on 
standing and even on boiling. Six different beautifully crystal- 
line samples of phytosteroh were thus tested and all of them dis- 
solved readily in AsCls, yielding colorless solutions. 

When Sample 2 of cholesterol was dissolved in AsCls a markedly 
different behavior from that of any of the other samples was ob- 
served. The dilute solution was blue, becoming slightly violet 
on standing; on adding more cholesterol, smalt-blue; on warming 
this solution, greenish blue; on boiling, green; then very dark 
green. On standing, this hot solution became muddy and darker, 
losing its green hue. However, on chilling the test-tube under the 
tap, the color returned. It was purplish, however, gradually be- 
coming dark reddish brown. On standing over night in the cold 
below 0°C. out of doors it took on a dark permanganate color. 
As already stated the behavior of the AsCls solution of this sample 
of cholesterol (No. 2) was quite different from that observed with 
any of the other samples of cholesterol, for in no other case was a 
cobalt blue solution obtained. The change of this blue to violet 
and green was also characteristic of Sample 2, Since it had an 
odor of lanolin (from which it had evidently been prepared), a 
sample of lanolin was dissolved in AsCls. The resulting solution 
was gi*een, not blue, it remained dark green even on boiling. This 
lanolin was anhydrous U.S.P, obtained from Lehn and Fink, A 
hydrous sample of lanolin {i.e. the white layer under the brownish 

^ These samples of phytosterol were kindly put at my disposal by Dr. 
H. A. liangenhan of the Department of Pharmacy of the University of 
Wisconsin. He had personally prepared them. I desire here to express 
my indebtedness to him. 
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layer which forms on top) when dissolved in AsCIg yielded a violet 
solution. On heating this solution, it became bluish green, and 
on boiling, dark olive-green. Evidently the aqueous lanolin, then, 
is the cause of the violet color. Again, a sample of lanolin of the 
hydrous variety (taken from the top brown layer this time) when 
dissolved in AsCh yielded a blue solution. The color was a bril- 
liant cobalt blue which turned to violet in the course of about 
2 minutes. On heating, the solution turned bluish green, and on 
boiling, dark green. If a sample of anhydrous lanolin is first 
heated with w^ater so as to make it hydrous, this hydrous sample 
dissolves in AsCh, yielding the violet color, which changes to 
loluish green and finally to dirty green on heating. If anhydrous 
lanolin is first saponified by heating with concentrated alcoholic 
potassium or sodium hydroxide and then boiled up with water, 
the insoluble portion obtained, yields a deep cobalt blue solution 
when dissolved in AsCU. 

From these experiments it is evident that anhydrous lanolin 
yields a green solution with AsCb, hydrous lanolin a violet solu- 
tion, and ‘h'ancid” hydrous lanolin (i,e. the top brownish layer on 
an old sample of hydrous lanolin) yields a cobalt blue. This co- 
balt blue solution is also obtained when lanolin is saponified and 
the released cholesterol is treated with AsCh. Now since lanolin 
is known to contain isocholesterol, and since from what has been 
said above, brain cholesterol or gall-stone cholesterol yields a 
pink and then a cherry-red solution with AsCls, it was concluded 
that the cobalt blue solution with AsCb, results when isocholes- 
terol is dissolved in AsCb, for there would be some free isocholes- 
terol in rancid lanolin and also in the insoluble matter remaining 
after saponifying lanolin. To test this further, isocholesterol was 
actually prepared by saponifying lanolin with alcoholic potassium 
extracting the mixture of cholesterol and isocholesterol from the 
soap by means of ether, and then forming the benzoates and 
separating the crystals of cholesterol benzoate from those of 
isocholesterol benzoate. From the latter compound isocholesterol 
was then released by saponification. It was found that when 
this isocholesterol was dissolved in AsCb a cobalt blue solution 
was formed, showing that the blue color indicates the presence of 
isocholesterol. 
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On the other hand, cholesterol itself (from brain or gall-stone 
material) yields a pink solution in AsClg which changes to cherry- 
red. The mixture of brain cholesterol and isocholesterol yields a 
blue solution which changes to violet on standing, showing that 
the blue compound masks the red reaction. On boiling, however, 
a redder solution is obtained in any case. With a solution con- 
taining about a gram of cholesterol from lanolin (no attempt 
having been made to separate this cholesterol from the isocholes- 
terol) in 5 cc. of AsCh, a solution having the color of an aqueous 
potassium permanganate solution was obtained. 

The attempt was made to isolate the colored compound from the 
AsCh solution of cholesterol. To this end, 1 gm. of cholesterol 
was dissolved in 5 cc. of AsCh. Complete solution readily took 
place at room temperature. The color of this solution was at 
first violet, and as it became more concentrated it turned purple. 
Then another gram of cholesterol crystals was added. It, too, 
almost dissolved at room temperature, but the solution was. not 
clear. It was heated to boiling, when it became clear. On 
standing, it assumed a dark cherry-red color within about 5 
minutes. On chilling, the solution became somewhat cloudy, i.e, 
it remained red but it was not clear, having more the appearance 
of blood. On chilling this solution with ice, nothing separated out, 
though the solution became markedly more viscous. Even on 
chilling with an ice and salt mixture, nothing separated out. 
However, on standing over night out of doors while the tempera- 
ture was about crystals were found the next morning. 

These crystals formed a top layer completely covering the liquid. 
This layer was punctured and the liquid was drained off in the 
cold. The crystals were then placed on a cold tile and as the 
reddish mother liquor drained from them, the crystals appeared 
white. They proved to be cholesterol. They were weighed, ind 
it was found that thus nearly 100 per cent of the cholesterol used 
could be recovered from the solution, which remained about per- 
manganate color in the cold, even though it contained but little 
cholesterol under these conditions. When cholesterol is dissolved 
in ASCI 3 , therefore, we get a colored solution, but from this choles- 
terol may again be separated out practically quantitatively on 
standing at low temperatures. 
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When to a colored solution of cholesterol or isocholesterol in 
AsClsj a solvent like benzene, toluene, or chloroform, is added, 
the color is discharged; i.e., the solution becomes colorless. If 
water is added to a colored solution of cholesterol or isocholesterol 
in AsCls, AS2O3 and cholesterol are thrown out, the entire mixture 
becoming colorless as one would expect. ‘ If instead of water, 
siifBciently strong hydrochloric acid is used, the arsenic remains 
in solution, but the color disappears, being retained for a time, 
however, by globules of cholesterol, which separate out and remain 
colored for a time. On long standing, however, the color disap- 
pears even from these, the arsenic passing into the aqueous hydro- 
chloric acid solution. 

By dissolving AS2O3 in a concentrated aqueous solution of HCl, 
and adding cholesterol to this hot, concentrated solution and 
boiling for a few moments and then allowing to stand, a colored 
liquid layer separates out on the bottom of the aqueous solution. 
This layer is red when brain cholesterol is used and violet-colored 
when isocholesterol is employed. On long standing in the cold, 
the colored layer loses its color due to gradual hydrolysis, choles- 
terol separating out. 

The use of these color reactions with AsCb in testing for choles- 
terol and isocholesterol in fats, oils, etc., is already in progress in 
this laboratory. 

In the course of this investigation it was found that AsCls also 
gives characteristic color reactions with certain other organic com.- 
poimds, notably those of the terpene series or derivatives thereof, 
a fact which supports the view that cholesterol itself is a terpene 
derivative.^ Further investigation in this direction is in progress 
here. 

SUMMAKY. 

1. Cholesterol, isocholesterol, phytosterol, and lanolin dissolve 
in quite a number of anhydrous inorganic chlorides. In PCI3, 
POCI3, SnCU, SiCh, SiBr4, and CBr4, these solutions are all 
colorless. 

2. In SOCI2, TiCh, SeOCb, SbCb, and AsBrs, colored solutions 
are formed. With SbCls, brownish masses axe obtained. None 
of these reactions are, however, sufficiently characteristic to enable 

® Compare Windaus, A., Ber. chem, Ges*, 1915, xlvii, 1065; 1917, 1, 133. 
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one to use them to distinguish between the different substances 
dissolved. 

3. In AsClsj brain cholesterol or gall-stone cholesterol dissolves, 
yielding a pink solution which gradually turns to a bright cherry- 
red on standing, more rapidly on heating. Isocholesterol yields a 
cobalt blue solution which changes to violet, then to purple, dark 
red, and dark green on standing; more rapidly on heating. Phy- 
tosterol yields colorless solutions in AsCh. These reactions enable 
one to distinguish between cholesterol, isocholesterol, and phy- 
tosterol. The color of all these solutions is discharged by adding 
solvents like benzene, toluene, or chloroform. 

4. Concentrated aqueous solutions of AsCh (in the presence of a 
large excess of HCl) also give the color reactions with cholesterol or 
isocholesterol on boiling. On standing, the colored layers, which 
separate out on the bottom of the test-tubes gradually suffer 
hydrolysis, becoming colorless, the sterol separating out. The 
reaction is, however, best obtained by dissolving cholesterol or 
isocholesterol in anhydrous AsCh. 

5. From the concentrated colored solutions of cholesterol in 
AsCls, cholesterol separates out practically quantitatively on 
standing at sufficiently low temperatures. 
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(Received for publication, March 18, 1922.) 

Thudichum^ was undoubtedly the first to isolate cerebronic 
acid. Unfortunately, he failed to recognize it as an oxy-acid and 
named it neurostearic acid. Thierfelder,^ in 1904, recognized 
that cerebronic acid was an oxy-acid having the elementary com- 
position C 25 H 50 O 3 , but he gave no further details of its structure. 
In 1912, Levene and Jacobs^ established the allocation of the 
hydroxyl group in the a-position to the carboxyl. The same con- 
clusion was reached by Brigl in 1915. Regarding the further 
details of the structure of the acid two rival views were expressed. 
Levene and Jacobs® and Levene and West^ had obtained on oxida- 
tion of cerebronic acid an acid of elementary composition, 
C 24 H 48 O 2 . This acid melted at Sl'^C. The hydrocarbon obtained 
from this acid melted at 51-“52°C. Since lignoceric acid is known 
to melt at 81°C., and the melting point of the hydrocarbon ob- 
tained from it was found to be 51-51. 5°C., it was thought probable 
that the acid obtained on oxidation of cerebronic acid was ligno- 
ceric acid. Hence the structure of cerebronic acid was correlated 
to that of lignoceric acid. 

BrigP working under the direction of Thierfelder came to the 
conclusion that cerebronic acid had the structure of a normal acid* 
This theory was based on the following evidence. A normal 
a-hydroxypentacosanic acid was prepared and was found to melt 

^ Thiidichum, J. L. W., Die Chemische Konstitution des Gehims des 
Menschen und der Tiere, Tubingen, 1901, 194, 195. 

^ Thierfelder, H., Z. physiol, Chem., 1904-05, xliii, 21. 

® Levene, P. A., and Jacobs, W. A., J, Biol. Chem., 1912, xii, 381. 

^ Levene, P. A., and West, C. J., J. Biol. Chem,, 1913, xiv, 257. 

5 Brigl, P., Z. physiol. Chem., 1915, xcv, 161. 
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at 102-1 04°C. All active cerebronic acid melting at 97-100'^C. was 
inactivated. (Brigl does not give any experimental data regarding 
the method of racemization.) The melting point of the inactive 
acid remained unchanged. The mixed melting point of the syn- 
thetic acid and the inactivated natural acid was 98“100°C. 

For conclusive proof of the view of Levene and his coworkers^ 
there still lacked the proof through synthesis. a-Hydroxypenta- 
cosanic acid was prepared from lignoceric acid in order to compare 
it with the dZ-cerebronic acid. The question naturally arose as to 
the method of racemization of cerebronic acid. The optical rota- 
tion observed on cerebronic acid is very low; namely, [af^ 
= +4.16®. Admixture of small proportions of this acid with 
the dZ-form could scarcely be discovered. Hence it was thought 
of converting cerebronic acid into a-halogen acid which could 
then be reduced to a pentacosanic acid and this again converted 
into a dZ-hydroxypentacosanic acid. It was, however, found im- 
practicable to follow this plan and, therefore, cerebronic acid was 
oxidized to the acid C 24 H 48 O 2 . This was then converted into 
hydroxypentacosanic acid. 

The intermediate steps in the conversion of lignoceric acid and 
of the tetracosanic acid, from cerebronic acid, intoa -hydroxy- 
pentacosanic acid, were identical, and as follows: 

C23H47COOH C23H47COOR C23H47CH2OH 
C23H47CH2I C23H47CH2CN C23H47CH2COOH 

C23H47CHBrCOOH C23H47CH(OH)COOH 

The melting points of the corresponding substances of each series, 
as well as the melting points of their mixtures, were identical. 
On the basis of these data, the evidence is conclusive that cere- 
bronic acid is related to lignoceric acid. In order to render the 
proof more rigorous and to give greater confidence in the value of 
the melting points it was concluded to convert lignoceric acid into 
cerebronic acid by a second series of reactions as follows: 

C22H45CH2 COOH C22H45CHBrCOOH C22H45CHOH COOH 

(Lignoceric acid) 

C22H46COOH C22H4&COOR C22H45CH2OH C22H45CH2I 

COOR COOH 

I I 

CrHisCHa— CH -> C22H45CH2— CH C^H46CH2 CH2 COOH 

I I (Pentacosanic acid) 


COOR 


COOH 
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The melting point of this acid was identical with the correspond- 
ing acid obtained by the first process. 

Another method commonly used for the identification of a fatty 
acid is its conversion into the corresponding hydrocarbon. Le- 
vene and Jacobs^ and Levene and West^ have converted cerebronic 
acid into a pentacosane by heating the acid with hydriodic acid. 
The product thus obtained melted at 53-54®C. However, it was 
realized that this method of preparing the hydrocarbon was not 
satisfactory. Therefore, lignoceric and the tetracosanic acids ob- 
tained from cerebronic acid, respectively, were converted into 
tetracosanes. Each melted at 51~51.5'^C. It still seemed de- 
sirable to compare the two pentacosanes. 

The pentacosanic acids prepared in the course of this work 
offered a convenient material for preparation of the pentacosanes 
corresponding to the pentacosanic acids from cerebronic and 
lignoceric acids by the following set of reactions : 

C24H49COOR C24H49CH2OH -H. C24H49CH2I C 24 H 49 CH 3 

(Pentacosane) 

Every intermediate step in this set of reactions involves very 
mild treatment and every intermediate product can be readily 
purified. The melting points of the two hydrocarbons were iden- 
tical; namely, 56“-56.5°C. Again, on the ground of the melting 
points of the pentacosanes the relationship of cerebronic to ligno- 
ceric acid is confirmed. In connection with the pentacosane here 
described attention is called to the normal pentacosane prepared 
by Brigl.^ The substance was prepared by the old Kraft method 
from the cetyloctylketone and melted at If this 

melting point is correct for the normal pentacosane then the con- 
version of fatty acids with a very high number of carbon atoms to 
their respective hydrocarbons will have little value for the identi- 
fication of fatty acids. 

However, it is doubtful whether it is justifiable to rely on the 
absolute purity of the hydrocarbons prepared by Kraft’s method 
from ketones. We inteiM to prepare normal pentacosane from 
normal pentacosanic acid by the same set of reactions as were used 
for the preparation of the isopentacosanes herein described. 

The following table records all the melting points of the inter- 
mediate and final products prepared, respectively, from lignoceric 
acid and from tetracosanic acid obtained from cerebronic acid. 
(M.R 99^0., [aS - -f3.5^ and M.P. 99.5°C., [a]t - +3.8^) 
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Derivative of fatty acid. 

M.P. of 
derivative 
of 

lignoceric 
acid from 
peanut oil. 

M.P. of 
derivative 
from 

d-cerebronic 

acid. 

M.P. of 
derivative 
of 

lignoceric 
acid from 
peanut oil. 

M.P. of 
mixture. 


°C, 

V. 

"0. 


a-BromoI!gnoceric acid 

68-69 




oj-Hydroxylignoceric acid 

91-92 




Isotricosanic acid 

73.5 




Ethyl isotricosanate 

55.5 




Isotricosyl alcohol 

69 




Isotricosyl iodide 

48 




Diethyl isotricosyl-malonate 

52.5 




Isotricosyl-malonic acid 

111 




Lignoceric acid 


80.5 

81 

80.5 

Ethyl lignocerate 


55 

55 

55 

Lignoceryl alcohol 


72 

72 

' 72 

Lignoceryl iodide 


48 

48 

48 

Lignoceryl cyanide 


56.5 

56.5 

56.5 

Isopen tacosanic acid j 

78.5 ! 

78.5 

78,5 i 

78.5 

a-Bromoisopentacosanic acid 


70 

70 

70 

oj-Hydroxy isopen tacosanic acid 


92.5 

92.5 

92.5 

Ethyl isopentacosanate 


57 

57 

57 

Isopentacosyl alcohol 


75 

75 

75 

Isopen tacosyl iodide •» . 


51.5 

51.5 

51.5 

Isopen tacosane j 


56 

56.5 i 

56.5 


From this table it is seen that the melting points of the d?-cere« 
bionic acid prepared either from lignoceric acid or from tetraco- 
sanic acid obtained from cerebronic acid, melted at 92.5°C. The 
original cerebronic acid had approximately the same melting 
point as the cerebronic acids described by Thierfelder® and by 
Brigl.^ The melting point of the inactivated cerebronic acid is 
given by Brigl 97-100°C. From this he attributes to cerebronic 
acid the structure of the normal acid for which the melting point 
is 102-104°C. It is evident on the basis of the results described 
here that Brigl has not succeeded in inactivating cerebronic acid 
by his process. In fact, the observation that the melting point 
lagged between 97-lOO^C. casts a suspicion on the purity of his 
substance. Also the normal hydroxypentacosanic acid, if it were 
pure, should be expected to melt more sharply than at 102-1 04°C. 
In a word, the data furnished by Brigl may be entirely disregarded 
in considering the structure of cerebronic acid. As evident 
from the present work this is a-hydroxylignoceropentacosanic acid. 
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There is one point that needs further investigation as a re- 
sult of the present work. Thudichum, who was the first to isolate 
from phrenosin an acid having the elementary composition of 
hydroxypentacosanic acid, found its melting point at 84-85°C. 
Levene and Jacobs. and Levene and West have also observed the 
same melting point of hydroxypentacosanic acid which was opti- 
cally inactive. The low melting acid was regarded as the inactive 
cerebronic acid, perhaps in an impure state. BrigP later expressed 
the view that the low melting acid was an isomer of cerebronic acid. 
Since the melting point of the dZ-form of cerebronic acid is now es- 
tablished at 92.5°C., the question of the nature of the low melting 
acid needs further investigation. 

EXPERIMENTAL. 

In the following experiments, the melting points recorded were 
determined with a standardized Anschutz thermometer. The 
bath was continuously stirred and was heated by a burner regulated 
to raise the temperature in 6 seconds. 

Before analysis, each substance was dried to constant weight 
under a pressure of 0.5 mm. at the temperature of boiling 
chloroform. 

The acid numbers were determined in mixtures of methyl alcohol 
(50 cc.) and benzene (25 cc.), using phenolphthalein as indicator. 
They are recorded as molecular weights. 

Ldgnoceric Acid . — The acid from peanut oil which was used as 
the starting point for the following series of experiments was 
analytically pure and melted at 81°C. as given in the literature. 

0.7286 gm. substance required 19.70 cc. 0.1 n NaOH. 

0.1004 “ : 0.2880 gm.COz and 0.1166 gm.H 20 . 

C 24 H 48 O 2 . Calculated. C 78.26, H 13.04, Mol. wt. 368. 

Found. 78.23, « 13.00, 370. 

a’-Bfomolignocenc Add. — Dry, analytically pure lignoceric acid 
(50 gm.) was mixed with red phosphorus (6 gm.), melted on the 
water bath, and bromine (135 gm.) cautiously added. The heat- 
ing was then continued for 6 to 7 hours. The hot, liquid acid 
bromide was decomposed in cold water and the a-bromolignoceric 
acid filtered off. In order to remove most of the water, the acid 
was dissolved in ether and the solution filtered. The ether was 
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removed by distillation and the residue twice crystallized from 
50-60*^ petroleum ether. The acid was then analytically pure and 
melted at 68-~69°C. Meyer, Brod, and Soyka,® after extensive 
purification, found a melting point of 68.5°C. The yield was 80 
per cent of the theoretical. 

0.1000 gm. substance: 0.2360 gm. CO 2 and 0.0958 gin. H 2 O. 

C 24 H 4702 Br. Calculated. C 64.39, H 10.59. 

Found. ^‘64.36, 10.72. 

a'^Hydroxylignoceric Acid . — a-Bromolignoceric acid (50 gm.) was 
hydrolyzed by heating on the water bath for 30 hours with 12 per 
cent sodium hydroxide solution (1,200 cc.). The mixture was 
vigorously stirred. When the operation was finished, the soap 
was filtered off and heated with dilute hydrochloric acid on the 
water bath until it liquefied. One crystallization from a liter of 
acetone usually sufficed to give an analytically pure product. The 
melting point was 91'-92°C. as given by Meyer, Brod, and Soyka.® 
The yield was 95 per cent of the theoretical. 

0.1035 gm. substance: 0.2854 gm. CO 2 and 0.1176 gm. H 2 O. 

C 24 H 48 O 3 . Calculated. C 74.92, H 12.58. 

Found. 74.99, 12.68. 

Isotricosanic Acid . — This acid was prepared by the oxidation 
of a-hydroxyligno ceric acid (50 gm.) in boiling acetone solution, 
with potassium permanganate, essentially as described by Levene 
and West^ for the conversion of cerebronic into lignoceric acid. 
The finely divided permanganate (about 50 gm.) was dissolved in 
2 liters of warm acetone. After all the permanganate had been 
introduced, the mixture was boiled until the pink color had dis- 
appeared. The solution was then cooled and filtered and the 
potassium salt of the isotricosanic acid separated from the man- 
ganese dioxide by three extractions with boiling 99.5 per cent 
alcohol (1 liter each). The salt which separated on cooling was 
decomposed by heating with dilute hydrochloric acid. After 
crystallizing the product from acetone and then from 99.5 per 
cent alcohol, it was analytically pure. The yield was 80 per cent 
of the theoretical. The acid melted at 73.5°C. after passing over 
the lead salt. 

® Meyer, H., Brod, L., and Bayk.a.^'W Monatsch.Chem.^ 1913, xxxiv, 1133. 

^ Levene, P, A., and West, C. J., J. Biol. 1913-14, xvi, 476. 
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0.8048 gm. substance required 22.60 cc. 0.1 N NaOH. 

0.0999 : 0.2864 gm. CO 2 and 0.1162 gm, H 2 O. 

C 23 H 46 O 2 . Calculated. C 77.97, H 12.99, Mol. wt. 354. 

Found. « 77,91, 13.02, « 356. 

Ethyl Isotricosanate , — Isotricosanic acid (30 gm.) was dissolved 
in absolute alcohol (200 cc.) together with sulfuric acid (9.5 gm.) 
and the solution boiled for 10 hours under a reflux condenser. 
The ester separated on cooling. One crystallization from 99.5 
per cent alcohol gave an analytically pure product. The melting 
point of the ester was 55.5°C. The yield was 92 per cent of the 
theoretical. 

0.1010 gm. substance: 0.2909 gm. CO 2 and 0.1176 gm. H 2 O. 

C 26 H 50 O 2 . Calculated. C 78.53, H 13.09, 

Found. “ 78.52, 13.05. 

Isotricosyl Alcohol . — The alcohol was prepared by the reduction 
of the corresponding ester in the manner described by Levene and 
Cretcher.® Because of the comparatively slight solubility of the 
ester, it was convenient to work with 10 gm. lots dissolved in a 
mixture of absolute alcohol (30 cc.) and dry toluene (15 cc.). 
Six times the calculated quantity of sodium was used. When 
the reduction was finished, the ethyl alcohol and toluene were 
removed in a current of steam, the soap and isotricosyl alcohol 
filtered off and extracted repeatedly with acetone. On cooling 
the acetone solution, the alcohol separated. It was purified by 
two further crystallizations from acetone and then melted at 
69°C. The yield of analytically pure material was 76 per cent of 
the theoretical. Practically all of the remainder was recovered as 
isotricosanic acid. 

0.1000 gm. substance: 0.2968 gm. CO 2 and 0.1286 gm. H 2 O. 

C 2 SH 48 O. Calculated. C 81.09, H 14.21. 

Found. 80.94, “ 14.39. 

Isotricosyl Iodide . — The alcohol (20 gm.) was heated for 1 hour 
at 180°C. with LI equivalents of iodine and an excess of red phos- 
phorus. The product was twice crystallized from acetone and 
was then analytically pure. The iodide melted at 48°C, The 
yield was 95 per cent of the theoretical. 

® Levene, P, A., and Cretcher, L. H,, Jr., J, Biol. Chem,, 1918, sxxiii, 505. 
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0.2024 gm. siibstaace: 0.1046 gm. Agl (Carius). 

C 23 H 47 I. Caiculated. 128.22. 

Found. “ 27.92. 

Diethjl Isoiricosyl-Malonate . — Isotricosyl iodide (20 gm.) was 
dissolved in absolute alcohol containing one equivalent of sodium 
ethylate and two equivalents of diethyl malonate. The solution 
was boiled on the water bath until neutral. The ester which 
separated on cooling was contaminated by a small quantity of 
isotricosyl iodide which was not entirely removed after a number 
of crystallizations. It melted at 52.5°C. 

0.1000 gm, substance: 0.2724 gm. CO 2 and 0.1084 gm. H 2 O. 

G 30 H 58 O 4 . Calculated. C 74.69, H 12.03. 

Found. “74.28, “ 12.13. 

Isoirkostjl-Mdonic Add. — Crude isotricosyl-malonic ester was 
saponified by heating over night with a large excess of alcoholic 
sodium hydroxide on the water bath. The alcohol was then re- 
moved, the residue diluted with water, the crude soap filtered oS 
and extracted with acetone. The soap was decomposed by heat- 
ing with dilute hydrochloric acid on the water bath and the acid 
passed over the lead salt. It melted at Nearly pure 

isotricosyl alcohol was recovered as a by-product from the acetone 
extract of the sodium salt. 

0.0996 gm. substance: 0.2680 gm. CO 2 and 0.1026 gm. H 2 O. 

C 2 A 0 O 4 . Calculated, G 73.24, H 11.74, 

Found. “73.38, “ 11.53, 

Isopeniacosanic Add. — The substituted malonic acid was heated 
at i80°C, as long as carbon dioxide w^as evolved. After one crys- 
tallization from acetone, the residue w^as analytically pure. The 
acid was passed over the lead salt and then melted at 78.5°C. 
The yield of the isopentacosanic acid from isotricosyl iodide was 
93 per cent of the theoretical. 

0.6W4 gm. substance required 18.00 cc. 0.1 n NaOH. 

0.1000 “ “ : 0.2880 gm.COs and 0.1158 gm.HsO. 

CssHseOg. Calculated. C 78.53, H 13.09, Mol. wt. 382. 

Found. “ 78.54, “ 12.96, “ “ 384. 

drC&rehronw Add . — Twro samples of cerebrosides were hydro- 
lyzed for the preparation of d-cerebronic acid. Both were of the 
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less soluble material obtained on fractionation of the mixtures of 
crude cerebrosides isolated from brains and were practically pure 
phrenosin. Their rotations were determined in a solution of equal 
volumes of methyl alcohol and chloroform: 




H- 0.23° X 100 
0.5 X 4.10 


H- 11.2° 




+ 0.23° X 100 
0.5 X 4.77 


+ 9.7° 


The cerebroside (500 gm.) was dissolved in 99.5 per cent alcohol 
(8,000 cc.) together with sulfuric acid (300 gm.) and the solution 
boiled for about 18 hours on the water bath. The ester crystal- 
lized at 0°C. It was recrystallized from acetone. The yield was 
135 gm. It melted at 59.5°C. and had the following rotation in 
pyridine solution: 


^ + 0.18° X 100 
L 1.0X7.20 ^ 


0.1003 gm. substance: 0.2793 gm. CO 2 and 0.1139 gm. H 2 O. 

G27H54O3. Calculated. C 75.98, H 12.76. 

Found. ‘^75.91, ‘^2.71. 

The other cerebroside, hydrolyzed under the same conditions 
and worked up in the same manner, gave rise to an ester which 
melted at 60°C. and showed the following rotation: 


+ 0.25° X 100 
1.0X5.56 


+ 4.5° 


0.1004 gm. substance: 0.2790 gm. CO 2 and 0.1165 gm. H 2 O. 

C 27 HS 4 O 3 . Calculated. C 75.98, H 12.76. 

Found. “ 75.78, “12.99. 

The cerebronic ester was saponified by boiling its alcoholic 
solution with a large excess of sodium hydroxide on the water bath 
over night. The alcohol was removed and the soap decomposed 
in the usual manner. The cerebronic acid was crystallized from 
acetone and passed over the lead salt. It was then analytically 
pure and melted at Fractionation by means of the lithium 

salt did not separate any lignoceric acid. The rotation in pyridine 
was 
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r = + 0-29° X 100 
1.0 X 8.38 


+ 3.5° 


0.7303 gm. substance required 18.27 cc. 0.1 N NaOH, 

0.0997 “ : 0.2754 gm.C 02 and 0.1106 gm.HsO. 

CssHsoOs. Calculated. C 75.88, H 12.56, Mol. wt. 398. 

Found. <^75.33, 'M2. 42, " " 400. 


Tlie second cerebronic ester, subjected to the same procedure, 
gave rise to an acid which melted at 99.5^C. It was analytically 
pure and had the following rotation: 




4- 0.33° X 100 
1.0 X 8.79 


+ 3 . 8 ^ 


0.7346 gm. substance required 18.45 cc. 0.1 N NaOH. 

0.1004 " “ : 0.2787 gm.C 02 and 0.1124 gm.HsO. 

C 25 H 50 O 3 . Calculated. C 75.38, H 12.56, Mol. wt. 398. 

Found. " 75.70, " 12.53, " “ 398. 


Lignoceric Add . — The cerebronic acid (25 gm.) was oxidized 
in acetone solution. The procedure followed exactly that de- 
scribed for the oxidation of a-hydroxylignoceric acid to isotrico- 
mnie acid. The yield was 81 per cent of the theoretical. It was 
pa^ed over the lithium and lead salts and then melted at 80.5°C. 

0.7227 gm. substance required 19.42 cc. 0.1 N NaOH. 

0.0999 " " : 0.2863 gm.COa and 0.1166 gm.HaO. 

C 24 H 48 O 2 . Calculated. C 78.26, H 13.04, Mol. wt. 368. 

Found. "78.15, « 13.06, " " 372. 


The folowing descriptions represent two series of experiments. 
In one the starting point was the lignoceric acid from cerebronic 
acid, described above. In the second, the lignoceric acid from 
peanut oil, described at the beginning of the experimental part, 
MTved as the starting point. In each experiment one melting 
|)oint is given. The mixed melting points are tabulated at the 
end of the introduction. Analytical data are given for both 
Beri«; those of the members of the cerebroside series under (A) 
and of the others under (B). 

Ethyl Mgmcerak,—A solution of lignoceric acid (30 gm.) and 
sulfuric acid (10 gm.) in 99.6 per cent alcohol (500 cc.) was boiled 
over night on the w4ter bath. The ester separated at 0°C. 
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Crystallization from 99.5 per cent alcohol gave an analytically 
pure product. The yield was 96 per cent of the theoretical. The 
ester melted at 55°C. as given in the literature. 

(A) 0,1001 gm. substance: 0.2888 gm. CO 2 and 0.1166 gm. H 2 O. 

(B) 0.1006 “ : 0.2894 « “ 0.1182 

C 26 HS 2 O 2 . Calculated. G 78.79, H 13.13. 

(A) Found. 78.68, 13.02. 

(B) « « 78.45, “ 13.15. 

Lignoceryl Alcohol. — Ethyl lignocerate (10 gm.) was reduced 
with sodium and absolute alcohol. The process has already been 
described. Two crystallizations from acetone sufficed to give an 
analytically pure substance. 83 per cent of the ester was re- 
covered as the alcohol and practically all of the remainder as ligno- 
ceric acid. The alcohol melted at 72°C. as given in the literature, 

(A) 0.1006 gm. substance: 0.2990 gm. CO 2 and 0.1268 gm. H 2 O. 

(B) 0.1004 “ : 0.2987 0.1262 

C 24 H 60 O. Calculated. C 81.36, H 14.12. 

(A) Found. “81.05, 14.11. 

(B) “ “ 81.13, “ 14.06, 

Lignoceryl Iodide . — The alcohol (18 gm.) was heated with red 
phosphorus and iodine at 180^0. for 1 hour. The product was 
twice crystallized from acetone. It then melted at 48*^0., as given 
in the literature, and was analytically pure. The yield was 96 
per cent of the theoretical. 

(A) 0.2010 gm. substance: 0.1024 gm. Agl (Garius). 

(B) 0.2014 “ “ : 0.1032 “ “ “ 

C 24 H 49 I. Calculated. 1 27.37. 

(A) Found. “ 27.53. 

(B) “ “ 27.69. 

Lignoceryl Cyanide . — ^Lignoceryl iodide (10 gm.) was dissolved 
in 99.5 per cent alcohol (300 cc.) and finely pulverized potassium 
cyanide (11.5 gm.) added. The solution was boiled on the water 
bath for about 17 hours. The nitrile which separated at (fC.^ 
was crystallized from acetone. It melted at 56.5°C- 

(A) 0.2000 gm. substance required 5.20 cc. 0.1 n HCl, 

(B) 0.2000 “ “ “ 5.00 0.1 N “ 

C 25 H 4 flN. Calculated. IST 3.86. 

(A) Found. “ .3.64. 

(B) “ “ 3.50. 
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For the preparation of isopentaeosanic acid the nitrile was not 
isolated, 

Isopeiitacosanic Acid,— All of the ether-soluble material from 
the preparation of the cyanide was dissolved in 99.5 per cent 
alcohol with a lai’ge excess of sodiimi hydroxide. The solution was 
boiled on the water bath for 24 hours. The alcohol was then 
evaporated, the residue extracted with boiling acetone, and the 
insoluble soap decomposed with dilute hydrochloric acid on the 
water bath. The product was analytically pure after one crystal- 
lissation from acetone. The yield of isopentaeosanic acid from the 
lignoceryl iodide w^as 93 per cent of the theoretical. It melted 
at 78.5^0. 

(A) 0.7621 gm. substance required 19.80 cc. 0.1 n NaOH. 

(B) 0.7839 20.30 0.1 n 

(A) 0.1002 : 0.2882 gm. CO 2 and 0.1168 gm. H 2 O. 

(B) 0.1004 “ : 0.2896 '' “ 0.1159 '' '' 

C 25 H 60 O 2 . Calculated. C 78.54, H 13.09, Mol. wt. 382. 

(A) Found. 78.43, 13.04, “ 385. 

(B) “ 78.66, “ 12.91, « “ 386. 

a-Bromoisopentacosanic Acid , — Isopentaeosanic acid (7.0 gm.) 
was melted on the water bath with red phosphorus (0.4 gm.). 
Bromine (11.0 gm.) was then slowly introduced and the mixture 
heated for 4 hours. An excess of bromine was present at the end. 
The acid bromide w^as decomposed, the acid dried and cr3rstal- 
lized from 40-50'^ gasoline. The yield of pure acid was 95 per cent 
of the theoretical. It melted at 70°C. 

.(A) 0.2024 gm. substance: 0.0808 gm. AgBr (Carius). 

(B) 0.1980 : 0.0800 « ‘‘ ‘‘ 

C 26 H 4902 Br. Calculated. Br 17.32. 

(A) Found. 16.99. 

(B) « « 17.20. 

dlrCerehronie Acid. — a-Bromoisopentacosanic acid (50 gm.) was 
suspended in 12 per cent aqueous sodium hydroxide (200 cc.) 
and heated on the water bath for 40 hours with violent stirring. 
The soap was then decomposed with dilute hydrochloric acid on 
the water bath and crystallized from acetone. After the acid had 
been twice crystallized from chloroform and passed over the lead 
salt, it melted at 92.5°C. The yield of analytically pure material 
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was 93 per cent. The yield of d^-acid from the naturally occurring 
d-cerebronic acid was approximately 60 per cent. 

(A) 0.8090 gm. substance required 20.35 cc. 0.1 n NaOH. 

(B) 0.9150 “ “ “ 22.81 0.1 x 

(A) 0.1004^^ “ - : 0.2782 gm.COs and 0.1107 gm.HsO, 

(B) 0.1004 : 0.2784 “ “ 0.1154 “ 

C 25 H 50 O 3 . Calculated. C 75.38, H 12.56, Mol. wt. 398. 

(A) Found. 75.56, “ 12.34, 398. 

(B) 75.61, ‘‘ 12.86, “ “ 401.5. 

Ethyl Isopentacosanate, — Isopentacosanic acid (15 gm.) was dis- 
solved in 99.5 per cent alcohol (150 cc.) together with sulfuric acid 
(5 gm.) and the solution boiled on the water bath over night. The 
ester which separated at 0°C. was twice crystallized from 99.5 per 
cent alcohol. The yield of analytically pure ester was 98 per cent. 
It melted at 

(A) 0.1003 gm. substance: 0.2899 gm. CO 2 and 0.1158 gm. H 2 O. 

(B) 0.1004 « : 0.2916 0,1212 « 

C 27 HS 4 O 2 . Calculated. C 78.95, H 13.26. 

(A) Found. 78.82, 12.92. 

(B) “ 79.20, 'M3. 50. 

Isopentacosyl Alcohol, — The ester was reduced by means of 
sodium and alcohol in the manner already described for isotricosyl 
alcohol. Two crystallizations from acetone sufficed to give an 
analytically pure product. The yield was 92 per cent. The 
alcohol melted at 75*^0. 

(A) 0.1001 gm. substance: 0.2992 gm. CO 2 and 0.1269 gm. H 2 O. 

(B) 0.0998 “ “ : 0.2987 “ “ “ 0.1282 “ “ 

C 26 H 62 O. Calculated. C 81.45, H 14.22. 

(A) Found. “ 81.51, “ 14.19. 

(B) « “ 81.62, “ 14.37. 

Isopentacosyl Iodide, — The alcohol was heated at 180°C. for 
1 hour with iodine and red phosphorus. After two crystalliza- 
tions from acetone, it was analytically pure and melted at 51.5°C. 
The yield was 98 per cent. 

(A) 0.2026 gm. substance: 0.1002 gm. Agl (Carius). 

(B) 0.2088 “ “ : 0.1018 “ “ 

CasHfiil. Calculated. 126.53. 

(A) Found. “ 26.73. 

(B) “ “26.34. 
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Isopeniacosane . — Isopentacosyl iodide (8 gm.) was dissolved in 
iiot glacial acetic acid (300 cc.) and the solution saturated with dry 
hydrogen cliloride. Zinc dust was then added in small portions 
at intervals to maintain a vigorous evolution of hydrogen. The 
reduction was continued for 48 hours. The product was poured 
into water and the hydrocarbon filtered off. It was analytically 
pure after two crystallizations from 99.5 per cent alcohol. It then 
melted at 54°C. Crystallization from ether finally raised the 
melting point to 56°C. The yield of hydrocarbon from d-cere- 
bronic acid was about 60 per cent of the theoretical. 


(A) 0.1010 gm. substance: 0.3153 gm. CO 2 and 0.1329 gm. H 2 O. 


(B) 0.1002 « 

CssHm. Calculated. 

(A) Found. 

(B) 


: 0.3126 

0 85.13, H 14.87. 
‘^85.13, « 14.72. 
85.08, 14.79. 


“ 0.1324 “ “ 



THE ANTISCORBUTIC VITAMINE. 


I. A STUDY OF ITS SOLUBILITY FROM DESICCATED ORANGE 

JUICE. * 

By E. B. HART, H. STEENBOCK, and S, LEPKOVSKY. 

{From the Department of Agricultural Chemistry, University of Wisconsin, 

Madison,) 

(Received for publication, March 13, 1922.) 

Very little work has been done upon the solubility of the anti- 
scorbutic vitamine. It is classed as a water-soluble vitamine. 
The evidence for this rests upon its solubility in a diluted and 
filtered orange juice and its presence in the water extract of fresh 
plant tissue. Whether it would be soluble in water in the absence 
of other compounds occurring with it in such materials as orange 
juice, fresh green tissue, etc,, has not so far as we are aware been 
determined. Hess and Unger^ have reported that it is soluble in 
80 per cent alcohol. 

Progress in an elucidation of the nature of this substance will 
come only as its chemical and physical properties are determined. 
While its instability to heat and ready destruction by oxidizing 
agents are now well known, ^ its solubility, destruction by specific 
fermentations, precipitability, etc,, have not been studied. 

In this paper data are presented on its solubility in a number of 
organic solvents, including butyl alcohol, methyl alcohol, various 
concentrations of ethyl alcohol, chloroform, ether, ethyl acetate, 
acetone, petroleum ether, and benzene. Various types of sol- 
vents were purposely included in this survey on solubility in order 
that advantage could be taken of the well known variations in 
solvent properties with difference in composition. 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station, Madison. 

1 Hess, A. F., and Unger, L. J., J. Biol, Chem., 1918, xxxv, 479. 

2 For references to literature on these points, see Ellis, N. E., Steenbock, 
H., and Hart, E. B., J, Biol. Chem., 1921, xlvi, 367. 
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EXPEEIMEXTAL. 

In our first experiments the orange juice was squeezed from 
fresh oranges,, pressed through cheese-cloth, and 300 cc. were 
poured onto sheets of filter paper and dried before a fan at room 
temperature (about 20°C.). The paper was then broken up, 
placed in flasks, and subjected to the action of the solvent in 
portions of .200 to 300 cc. at room temperature for a period of 2 
days. Tliis was repeated twice — the solvent always being fil- 
tered after contact with the paper. The united extracts from the 
300 cc. of desiccated orange juice were next evaporated on 1 kilo 
of our scorbutic ration which consisted of 69 parts of rolled oats, 
25 parts of ground alfalfa hay (heated in the autoclave for 30 
minutes at 15 pounds pressure), 5 parts of casein, and 1 part of 
common salt. Only 1 kilo of the ration was prepared at a time 
which w^as sufficient for four animals for about 10 days where there 
was normal consumption. This necessitated the preparation of a 
fresh ration about every 10 days. Guinea pigs weighing 200 to 
400 gm. were used as the test animals with four animals in each lot. 
They were fed the scorbutic ration carrying the extracts of the 
orange juice from the time of initiation of the experiment. 

In the first experiments we used: 

1. 95 per cent alcohol, as purchased. 

2. Acetone, (Merck preparation). 

3. Benzene, (Merck preparation). 

4. Petroleum ether, B. P. 60-90°. 

5. Chloroform, (Merck U. S. P.) 

Of the above solvents tried, the only demonstrable solution of 
the antiscorbutic vitamine was effected by the 95 per cent alcohol. 
All of the other solvents failed completely. The animals suc- 
cumbed to scurvy in 6 to 7 weeks, although had they eaten daily 
20 gm. of the ration (a conservative consumption for a normal 
guinea pig of 300 gm. weight) they would have received the equiva- 
lent of 6 cc. of desiccated orange juice.^ In the case of the 95 per 
cent alcohol extract, four animals of weights varying from 250 to 
4CX) gm. were used (Chart 1). They did not develop scurvy from 

® The oranges used in this investigation were a gift by the California 
Fruit Growers Exchange, Los Angeles, California. We wish to express 
to them our appreciation of this courtesy. 
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the use of this ration for 16 weeks — establishing beyond question 
the solubility of this vitamine in 95 per cent alcohoL 
The fact that 95 per cent alcohol was the only effective solvent 
among the several tried suggested not only the use of other sol- 
vents but a change in the plan of experimentation. It was pos- 
sible that considerable destruction of the vitamine had occurred 
in the desiccation and other processes of manipulation, thereby so 
reducing the mass of vitamine left as to make it impossible to 
obtain an active extract, particularly when the solubility was of 
a lower order than that of the 95 per cent alcohoL Consequently, 
it was necessary to determine if this vitamine was still present in 



Chakt 1 , Illustrates the solubility of the antiscorbutic vitamine of 
desiccated orange juice in 95 per cent ethyl alcohoL Similar results were 
obtained with absolute and 80 per cent ethyl alcohol and with methyl 
alcohoL 

the desiccated and extracted residues. To determine this the 
orange juice was evaporated by fan at room temperature on oat- 
meal, and this material then subjected to extraction by the partic- 
ular solvent. Our plan was to desiccate 1,200 cc. of orange juice 
on 300 gm. of oatmeal first by the fan at room temperature (ap- 
proximately 20*^0.), and then in a large desiccator over calcium 
chloride for 6 to 10 days to remove moisture as completely as pos- 
sible. This preparation was then extracted at room temperature 
with 2,000 cc. of the solvent which was left in contact with the 
material for 2 days; the solvent was filtered off by suction, the 
residue washed with the solvent, and this extraction repeated 
twice and in the same way. 
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The united extracts were evaporated at room temperature by 
the fan on 300 gin. of oatmeal, and in one case on the mixed ration. 
One-half of the 300 gm. of oatmeal, plus the evaporated extract, 
was used to make up 1,000 gm. of our basal ration (already de- 
scribed) and replaced in the ration an equivalent of the oatmeal. 
Had each animal eaten daily 20 gm. of this ration it would have 
received an equivalent of 12 cc. of desiccated orange juice. The 
residue from the extractions was also halved and mixed into enough 
of the ration to make 1 kilo, displacing an equivalent of oatmeal. 
By this procedure we not only tested the action of the solvent, 
but also the presence of the vitamine in the residue, thereby as- 
suring ourselves that the vitamine had not been completely de- 
stroyed in the manipulations incident to the extracting and 
drying. 

The solvents used included the following: 

1. 95 per cent alcohol, as purchased. 

2. 80 per cent alcohol, prepared by diluting the 95 per cent alcohol. 

3. Absolute alcohol, prepared from 95 per cent alcohol by distillation 
from lime and metallic sodium (sp. gr. of preparation 0.7909 at 19®C.). 

4. Acetone, (Merck preparation), 

5. Benzene, (Merck preparation). 

6. Petroleum ether, B. P. 60-90®. 

7., Chloroform, (Merck XT. S. P.) 

8. Ethyl ether, anhydrous, alcohol-free, prepared by treating anesthesia 
ether with CaCh and metallic sodium and distilling. 

9. Ethyl acetate, alcohol-free, prepared by treating high grade ethyl 
acetate with CaCb and distilling. 

10. Methyl alcohol, aldehyde-free, prepared by treating with lime and 
distilling. 

11. Butyl alcohol, absolute as purchased. 

To determine the presence or absence of the vitamine in the 
extract or residue, we chose the method of feeding the scorbutic 
ration for about 2 weeks or until signs of scurvy, such as swollen 
wrists and crying when handled, made their appearance in the 
animals. When these symptoms appeared, the ration plus the 
evaporated extract was given to a group of four individuals and 
at the same time another group of four received the ration made 
from the extracted residue. 

It wil not be necessary to take the space required if charts of 
al the results were presented. These experiments showed that 
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the antiscorbutic vitamine of desiccated orange juice is insoluble 
in all of the solvents tried, with the exception of absolute, 95 and 
80 per cent ethyl alcohol, and methyl alcohol. This confirms our 



Chart 2. The insolubility of the antiscorbutic vitamine in anhydrous 
ethyl ether is §hown in this chart. All the animals succumbed to scurvy. 



Chart 3. This chart records evidence that the antiscorbutic vitamine 
was left in the ether-extracted residue and had not been entirely destroyed 
in the manipulations of extraction. 


first experiments as well as those of Hess and Unger. Further, it 
was found that while there was some destruction of this vitamine 
in the desiccating processes, nevertheless, the residue left after 
extraction still contained sufficient amounts of this substance to 
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induce recovery from scurvy and continued growth. Even in the 
ease of the eth}^ alcohol of varying concentrations not all of the 
vitaniine ivas removed by the volume of solvent used^ as shown in 



Chart 4. This chart illustrates the insolubility of vitamine C (anti- 
scorbutic vitamine) in ethyl acetate. Similar results were secured with 
benzene, petroleum ether, acetone, chloroform, and butyl alcohol. 



Chart 5. This chart illustrates the antiscorbutic potency of the ethyl 
acetate-extracted residue. 


several experiments where the residue from the alcoholic extrac- 
tions still showed antiscorbutic properties. This vitamine is more 
soluble in the 80 per cent alcohol than in the absolute alcohol, the 
residue from the extraction with the latter having distinctly potent 
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antiscorbutic properties. To illustrate the results typical of those 
materials that had no solvent action Charts 2, 3, 4^ and 5 are 
introduced. Chart 2 shows the behavior of the animals with the 
solvent ether. Chart 3 shows the behavior on the residue from the 
ether extraction. Chart 4 shows the insolubility of the antiscor- 
butic vitamine in the solvent ethyl acetate. Chart 5 shows that 
the residue from the material extracted with ethyl acetate still 
contained sufficient antiscorbutic vitamine to protect against 
further progress of the disease. 

The curves submitted for the behavior of ethyl ether and ethyl 
acetate are typical of all the results secured with those substances 
which had no solvent action. For ease of comparison, the data 
are summarized in Tables I and IL 

TABLE I. 


Solubility of the Antiscorbutic Vitamine of Desiccated Orange Juice. 


Solvent. 

Solubility, 

Methyl alcohol 

+ 

+ 

4- 

+ 

Ethyl alcohol, 95 per cent 

“ « 80 '' '' 

“ “ absolute 

Butyl “ 

Acetone 


Benzene 

■ — 

Petroleum ether 

— 

Chloroform 


Ethyl ether 

— 

acetate 

— 




SUMMARY. 

1. The antiscorbutic vitamine of desiccated orange juice is 
soluble in 80 per cent, 95 per cent, and absolute ethyl alcohol. It 
is also soluble in methyl alcohol. The investigations of others 
show that it is also soluble in water, but these experiments do not 
exclude the influence on solubility of the salts inherent in the 
material extracted. 

2. This vitamine of desiccated orange juice was found to be 
insoluble in butyl alcohol as well as in benzene, petroleum ether, 
acetone, ether, chloroform, and ethyl acetate. 

3. The behavior of this vitamine toward organic solvents and 
water indicates that it is not of fat or lipin character. 
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TABLE n. 


Successive WeeJdy Weighings of Guinea Pigs. 


Solvent. 

Before the addition of ' 
the antiscorbutic. 

After the addition of the 
antiscorbutic.* 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Ether solution. 


275 

315 

300 

205 

175 

s+ 



310 

360 

360 

310 

175 

s+ 



260 

310 

310 

290 

165 

s+ 



300 

335 

345 

265 

200 

s+ 

Ether residue. 

285 

315 

330 

345 

390 

440 



320 

325 

315 

330 

345 

340 



315 

330 

330 

325 

350 

370 



360 

385 

405 

430 

465 

490 


Acetone solution. 

245 

1 295 

315 

280 

200 

185 

s+ 


210 

260 

285 

205 

165 

S+ 



205 

240 

240 

200 

145 

s+ 



245 

285 

265 

195 

160 

s+ 


Acetone residue. 

275 

310 

320 

335 

345 

380 



240 

280 

280 

305 

325 

315 



315 

360 

380 

445 

370 

390 



195 

225 

240 

270 

285 

320 


Ethyl acetate solution. 

335- 

340 

320 

270 : 

200 

S-f* 



390 

385 

360 

335 ! 

370 

195 

s+ 


350 

375 

335 

295 : 

220 

180 

s+ 


310 

335 

320 

250 ^ 

190 

155 

s+ 

Ethyl acetate residue. 

315 

340 


355 

370 

385 

385 


275 

295 


290 

295 

320 

320 


280 

320 


220 

210 

230 

275 


300 

315 


260 

280 

290 

335 

Chloroform solution. 

315 

326 


280 

205 

175 

S+ 


280 

300 


270 

205 

175 

S4 


295 

315 


280 

225 

220 



265 

285 


155 

140 

84- 


Chloroform residue. 

280 

295 


178 

+ 




255 

275 


265 

235 

265 

310 


265 

285 


295 

295 

360 

395 


265 

285 


240 

275 

315 

360 


■*8+ indicates scurvy and death. 
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TABLE 11— Continued. 


Solvent. 

Before the addition of 
the antiscorbutic. 

After the addition of the 
antiscorbutic.* 


gm. 

1 gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Benzene solution. 

■ 310 

335 


195 

170 

S4- 



275 

305 


225 

160 

s+ 



270 

285 


250 

1 180 

160 

s+ 


285 

295 

\ 

285 

230 

160 

s+ 

Benzene residue. 

355 

390 


385 

225 

180 

+ 


305 i 

335 


345 i 

350 

370 

370 


370 1 

390 


410 i 

440 

495 

510 


270 1 

280 


325 

335 

370 

420 

95 per cent alcohol solution. 


315 

330 

375 

390 

390 

350 



350 

375 

410 

415 

415 

450 



315 

335 

355 

310 

350 

350 



340 

365 

395 

390 

415 

410 

95 per cent alcohol residue. 


340 

355 

360 

360 

360 

385 



360 

380 

415 

410 

415 

420 



285 

300 

300 

270 

275 

260 S 



340 

355 

370 

345 

270 

200 








S-b 

80 per cent alcohol solution. 

250 

295 

315 

335 

365 

400 1 

425 


260 

300 

310 

310 

335 

370 : 

375 


275 

305 

325 

315 

345 

390 1 

i 

410 

80 per cent alcohol residue. 

250 

280 

275 

240 

150 

S-f 



280 

325 

310 

265 

160 

S+ i 



285 

315 

315 

275 

205 

s+ 1 



325 

325 

345 j 

315 

250 

S4- 1 


Absolute alcohol solution. 


240 

270 

295 

335 

370 

390 



250 

! 270 

275 

285 

1 315 1 

325 



220 

' 255 

265 

1 285 

305 1 

330 



245 

265 

285 

1 305 

335 ! 

345 

Abvsolute alcohol residue. 


195 

230 

260 

290 

315 

355 



295 

320 

320 

350 

; 380 

410 



235 

235 

240 

275 

315 

360 



290 

290 

265 

265 

245 

295 
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TABLE 11 — Concluded. 


Solvent. 

Before the addition of 
the antiscorbutic. 

After the addition of the 
antiscorbutic. 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Methyl alcohol solution. 

365 

385 

400 

375 

235 

+ 



355 

375 

390 

400 

458 

500 

500 


310 

335 

360 

375 

410 

470 

515 

Methyl alcohol residue. 


255 

^00 

235 

215 

185 

s+ 



230 

245 

255 

220 

200 

170 








S+ 



210 

240 

225 

230 

185 

145 








S+ 



285 

260 

265 

260 

235 

185 


1 






s+ 

Petroleum ether solution. 


330 

295 

1 255 

s+ 





275 

295 

100 

s+ 





225 

240 

200 

185 

150 

s+ 



275 

265 

205 i 




Petroleum ether residue. 


300 

290 

225 

+ 





275 

280 

215 

255 

295 

310 



195 

210 

190 

245 

270 

290 



310 

350 

370 

410 

430 

430 

Butyl alcohol solution. 


270 

270 

255 

160 

s+ 




325 

340 

340 

260 

205 




370 

^ 385 

320 

350 

275 

235 








S+ 



265 

275 

245 

185 

175 

S-f 

Butyl alcohol residue. 


305 

315 

315 

335 

360 

380 



280 

290 

310 

335 

365 

380 



335 

320 

320 

220 

+ 




305 

305 

300 

320 

320 

330 



DIGESTIBILITY OF RAW RICE, ARROWROOT, CANNA, 
CASSAVA, TARO, TREE-FERN, AND POTATO 

STARCHES. 

By C. F. LANGWORTHY and HARRY J. DEUEL, Jr. 

{From the Office of Home Economics ^ States Relations Service, United States 
Department of Agriculture, W ashington,) 

(Received for publication, February 23, 1922.) 

INTRODUCTION. 

In tests previously reported^ it was found that raw wheat and 
corn-starch, when eaten in quantity, were completely assimilated 
without any noted physiological disturbances and no starch was 
detected in the feces. Raw potato starch was much less com- 
pletely digested, about one-fourth of the amount eaten being 
found in the feces on an average, and in many instances the 
subjects experienced pain or other physiological disturbances. 

It seemed desirable to extend the work on the digestibility of 
raw starches to see whether complete digestibility was character- 
istic of other starches and to determine whether the less complete 
digestibility of potato starch (78.2 per cent on an average) was 
influenced by the amount eaten and also whether it was charac- 
teristic of the starch from other roots, tubers, and similar sources. 
The starches chosen were from rice, true arrowroot {Maranta 
arundinacea), so called commercial arrowroot {Zamia floridand) , 
canna {Camia eduUs), cassava {Manihot utilissima), taro root 
(Caladiuin colocasia or Colocasta escuknta), tree-fern (Cibotium 
menziesii), and potato, the last being ingested in smaller quan- 
tities than in the tests previously reported. 

EXPERIMENTAL. 

The experimental procedure was the same as that followed not 
only in the previous work with raw starch but also throughout 

^ Langwortby, C. F., and Deuel, H. J., Jr., J, Biol, Chem,, 1920, xlii, 27. 
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the long series of digestion experiments made in this laboratory. 
The diet was so arranged that the foodstuffs under consideration 
was a predominating factor, the materials eaten with it being 
simple and -with w^ell understood characteristics. The foods 
were prepared in forms which experience had proved satisfactory 
for such experimental purposes. The separation of the feces, 
the analysis of foods and feces, the correction for metabolic 
products, and similar matters were accomplished by methods 
which had long been in use and the reliability of which had been 
carefully tested. The results of these experhnents can therefore 
be directly compared one with another and with those of earlier 
ones. 

In this connection, it is perhaps worth noting that investigators 
differ somewhat in their analytical and other procedures so that 
experiments reported from one laboratory may not be directly 
comparable with those from another laboratory where different 
methods axe followed, and that such differences should be borne 
in mind in considering the findings of different investigators 
working with similar materials. 

Such microscopic examination of the starches as were needed 
to determine the size and condition of the granules was made by 
Mr.' G. L. Keenan of the Microchemical Laboratory, Bureau of 
Chemistry, United States Department of Agriculture. As in 
earlier experiments, each of the starches under consideration was 
eaten as the principal constituent of a frozen pudding of which 
the starch made up about 20 per 'cent. The pudding closely 
resembled ice-cream in texture and flavor and was made according 
to the following formula: 

Experimental Frozen Pudding . 

6 quarts milk. 2| cups sugar. 

4 pounds raw starch. 1 tablespoon salt. 

8 cups table oil. \ cup lemon or vanilla extract. 

The uncooked starch was mixed with the milk, sugar, andjoil 
and immediately frozen in the same way as ice-cream. The 
flavoring extract masked to a great extent the taste of the 
uncooked starch and gave the frozen pudding a pleasing flavor. 

That wetting and immediately freezing did not noticeably 
affect the starch granules was evident from a microscopic exami- 
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nation which showed that the grains were neither swollen nor 
broken. 

The subjects were young men in normal health who had had 
experience in previous experiments and were thoroughly trust- 
worthy. There was some variation in the groups in the different 
tests but this had no appreciable effect since the men were of 
much the same general type. With the exception of one of the 
authors (H. J. D.) and a soldier, the subjects were students in a 
local university. As in all the experiments in this laboratory 
the foods were attractive in appearance and the table service and 
other conditions were also good. The diet was not found monot- 
onous during the 3 days (9 meals) which constituted each experi- 
mental period. There were intervals of not less than 4 days 
between experiments in which an ordinary mixed diet was followed. 
The subjects were given weighed portions of the raw starch frozen 
pudding along with a basal ration of oranges and sugar, and tea 
or coffee if desired. 

On account of the number of experiments and extent of the 
protocols, the experimental data are somewhat condensed for 
the present report. Complete data are on file in the Office of 
Home Economics, United States Department of Agriculture. 

Rice Starch, 

Kice starch for these experiments was purchased from a com- 
merical concern. The size of the granules was not measured, 
but it is known to be somewhat smaller than that of cassava 
starch.^ Five experiments were conducted. The results are 
summarized in Table I. 

The diet furnished on an average 25 gm. of protein, 52 gm. of 
fat, and 317 gm. of carbohydrate per man per day with an energy 
value of 1,830 calories. The average amount of raw starch 
eaten per man per day was 170 gm. No unusual physiological 
conditions were noted and the subjects remained in apparently 
normal health. The average coefficient of digestibility, 100 per 
cent, shows that the raw rice starch was completely digested. 

2 Thorpe, E., A dictionary of applied chemistry, London, New York, 
Bombay, and Calcutta, 2nd edition, 1913, v, 160. 
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TABLE I. 


Sumrmri/ of Digestion Experiments with Raw Rice Starch in a Simple 
Mixed Diet. 


Experiment 

Xo- 

j 

Subject. 

i 

Digestibilit 5 ^ of entire ration. 

Estimated 
digestibility of 
raw rice starch 
alone 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1,103 

P.H. C. 

84.2 

94.9 

9S.S 

82.6 

100.0 

1,104 

W. V. D, 

75.8 

89.1 

98. 8 

53.1 

: 100.0 

1,105 

H. L. G. 

84.3 

94.1 

98.9 

71.0 

1 100.0 

1,106 

E.L. M. 

82.1 

94.1 

98.2 

75.0 

99.8 

1,107 

J, F.S. 

89.2 

96.7 

99.3 

87.9 

, 100.0 

Average 

83.1 

93.8 

98.8 

73.9 

; 100.0 


True Arrowroot (Maranta arundinacea) Starch. 

Maranta arundinacea starch is the true arrowroot starch of 
commerce. That used in these experiments was obtained from 
the Hawaiian Agricultural Experiment Station. Microscopical 
examination of the starch granules showed them to be somewhat 
uniform in size. A large number of granules measured between 
22 and 53 microns while the smaller granules which were much 
less numerous measured from 8 to 14 microns. 

Two experiments were conducted with the Maranta anmdi- 
nacea starch. The results are summarized in Table 11. 

TABLE II. 


Summary of Digestion Experiments with Raw True Arrowroot {Maranta 
arundinacea) Starch in a Simple^Mixed Diet, 


Experiment 

Subject, 

Digestibility of entire ration. 

Estimated 
digestibility of 
raw arrowroot 
starch alone. 

No. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 

1.156 

1.157 

H.J.D. 1 
E. L.M. 

per cent 

60.2 

62.3 

per cent 

95.1 

93.6 

per cent 

94.4 

97.8 

per cent 

74.4 

1 48.7 

per cent 

92,1 
‘ 99.3 

Average 

61.2 

94.4 

96.1 

61.6 

95.7 

^ i 


The diet furnished on an average 17 gm, of protein, 56 gm. of 
fat, and 265 gm. of carbohydrate per man per day, with a fuel 
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value of I 364 O calories. The average consumption of raw starch 
was 124 gm. per man per day. No starch could be detected in 
the feces in Experiment 1,157 and so we may assume in that 
instance the starch was thoroughly digested. The feces in Experi- 
ment 1,156, however, gave a strong confirmatory test for starch. 
No data are available as to what the effect on the digestibility 
would be if the intake of raw arrowroot starch were increased to 
equal that of raw potato starch in previous work.^ 

So Called Commercial Arrowroot {Zamia floridana) Starch. 

The starch used in these experiments was a commercial product 
obtained from Florida. The granules were somewFat larger 
than those from the Maranta arundinacea. An examination 
showed that three classes of starch granules were present: the 
larger grains varying from 70 to 42 microns; the medium from 20 
to 14 microns; and the small granules from 8 to 1 microns. The 
large and medium-sized granules predominated. 

Three experiments were made. The results are summarized 
in Table III. 


TABLE III. 

Summary of Digestion Experiments with Raw Commercial Arrowroot {Zamia 
floridana) Starch in a Simple Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
raw arrowroot 
starch alone. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1,125 

H.L. G. 

60.0 

96.8 

89.6 

68.8 

82.5 

1,126 

E.L.M. 

47.2 

92.0 

77.8 

60.0 

65.7 

1,127 

J. F.S. 

71.7 

96.6 

98.6 

83.0 

99.3 

Average 

59.6 

95.1 

88.7 

70.6 

82.5 


The diet provided an average of 19 gm. of protein, 58 gm. of 
fat, and 297 gm. of carbohydrate per man per day and had a fuel 
value of 1,790 calories. The average amount of raw starch eaten 
per man per day was 168 gm. Subjects H. L. G. and E. L. M. 
remained in normal condition while J. F. S. noted a constipating 
effect ascribed to the diet. In Experiments 1,125 and 1,126 the 
quantity of feces voided was very large and contained much visible 
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imdiaiiged starch. In the third experiment, however, the amount 
of feces voided was small and no starch could be detected by the 
iodine test. 

As was noted with raw potato starch, there w^as considerable vari- 
ation in the ability of the subjects to digest the raw starch. On 
account of the variation and the small number of experiments 
very little w^eight can be given to the average figure obtained, 
82.5 per cent. 

It is interesting to compai’e the results of the individual experi- 
ments in tliis series with those obtained from the earlier potato 
starch experiments with the same subjects. Subject H. L. G. 
digested 79 per cent of the raw potato starch as compared with 
82 per cent of the Zamia Jiorklana. Subject E. L. M. digested 
62 per cent of the raw potato starch which compares very closely 
with his 65 per cent utilization of zamia starch. Subject J. F. S. 
digested practical!}" all the zamia starch wiiile he utilized about 
95 per cent of the raw potato starch. 

Canna (Canna edulis) Starch, 

The starch used in these experiments was obtained through 
the courtesy of the Hawaiian Agricultural Experiment Station. 
Canna starch has the distinction of containing the largest granules 
of any of the common food starches, and that used in these experi- 
ments was composed almost entirely ^of large granules measuring 
from 95 to 42 microns. Although the potato starch which wms 
used in the earlier experiments had some granules measuring as 
much as 95 microns, the canna starch contained a higher propor- 
tion of large granules. 

Three experiments were conducted. The results are summar- 
ized in Table IV, 

The diet provided on an average 22 gni. of protein, 80 giii. of 
fat, and 248 gm. of carbohydrate per man per day with an energy 
value of 1,800 calories. The average quantity of raw starch eaten 
was 109 gm. per man per day, a somewhat lower amount than 
in the other experiments. 

A considerably smaller proportion of the canna starch was 
digested than of the other starches. Subject H. J. D. utilized 
only 43 per cent which is the minimum figure for all of the 
raw' starch experiments reported from this Office. Subjects 
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H. L. G. and E. L. M. utilized a somewhat larger proportion of 
the canna starch but less than either had utilized in any of the 
other raw starch experiments. The average value, 53.3 per 
cent, for the digestibility of the raw canna starch is a lower figure 
than was found for any other raw starch studied. The subjects 
experienced no physiological disturbances and remained in normal 
health during the experiments. 


TABLE IV. 

Summary of Digestion Experiments with Canna Starch in a Simple 

Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
canna starch 
alone. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1,159 

H. J. D. 

63.0 

97.4 

68.9 

64.2 

43.0 

1,160 

H. L. G. 

51.6 

96.6 

80.6 

47.8 

66.5 

1,161 

E. L.M. 

67.8 

94.9 

81.1 

45.6 

60.3 

Average 

60.8 

96.3 

76.9 

52.5 1 

53.3 


Cassava {Manihot uiilissima) Starch, 

The cassava starch used in these experiments was obtained from 
a commercial company. No measurements were made of the 
granules but those of cassava starch are known to be consid- 
erably smaller than those of potato and arrowroot starches and 
somewhat smaller than wheat or maize starches.^ 

Three experiments were conducted. The results are summar- 
ized in Table V. 

The diet provided on an average 18 gm. of protein, 48 gm. of 
fat, and 246 gm. of carbohydrate per man per day with an energy 
value of 1,490 calories. The average starch intake per man per 
day was 140 gm. No unusual physiological conditions were 
noted and the subjects remained in normal health during the 
experimental period. 

Although the digestibility of the raw starch after allowance 
was made for the undigested residues from the accessory foods 

® Bailey, L. H., Standard cyclopedia of horticulture, New York, 1914-17, 
3311. 
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was found to be only 98.8 per cent, no starch could be detected 
in the feces and it may be assumed that the raw starch -was com- 
pletely digested. 

TABLE V. 

Stmrmarn of Digestion Experiments with Raw Cassava Starch in a Simple 

Mixed Diet. 


Experiment 

No. 

Subject. 

I 1 

Digestibility of entire ration. 

Estimated 
digestibility of 
, raw cassava 
starch alone. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 


! 

per cent 

per cent 

per cent 

•per cent 

per cent 

1,118 

P. H.C. ^ 

70.6 

93.9 

97.9 

69.7 

97.9 

1,120 

H. L. G. i 

65.5 

92.8 

97.4 

63.0 

98.4 

1,122 

J. F. S. 

85.6 

96.1 

99.1 

86.0 

100.0 

Average 

73.9 

94.3 

98.1 

72.9 

98.8 


Taro root {Caladium colocasia or Colocasia esculenta) Starch. 

The taro root starch used in these experiments was obtained 
through the courtesy of the Hawaiian Agricultural Experiment 
Station. The starch is largely used in Hawaii in the cooked 
form of poi which, it is interesting to note, also frequently consti- 
tutes an important part in the diet of invalids. Bailey® states 
that in 1913 taro was the fourth crop in importance in the 
Hawaiian Islands. The granules of the taro root starch are 
extremely small, measuring between 1 and 7 microns. 

Two experiments were conducted. The results are summarized 
in Table VL 


TABLE VI. 

Summarp of Digestion Experiments with Raw Taro Root Starch in a Sunple 

Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
raw taro root 
starch alone. 

! Protein. 

Fat. 1 

Carbohy- 
drate. j 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1,164 

H. J. D. 

57.9 

93.4 

96.5 

\ 56.3 

98.1 

1,165 

H. L. G. 

66.9 

96.6 

97.0 

! 63.6 

99.5 

Average ! 

62.4 

95.0 

96.8 

60.0 

98.8 ' 
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The diet provided on an average 19 gm. of protein, 47 gm. of 
fat, and 271 gm. of carbohydrate per man per day with an energy 
value of 1,580 calories. The average intake of raw taro root 
starch per man per day was 120 gm. 

The results show that the raw starch was practically com- 
pletely digested in both experiments- This is confirmed by the 
fact that no starch could be detected in the feces in either case. . 

Tree-Fern {Cibotium menziesii) Starch. 

% 

The tree-fern starch, obtained from the Hawaiian Agidcultural 
Experiment Station, was composed of grains of varying size. 
The smaller grains, which measured about 9 microns, were 
apparently more numerous than the larger ones which measured 
about 27 microns. 

Two experiments were conducted. The results are summarized 
in Table VII. 


TABLE VII, 

Summary of Digestion Experiments with Eaw Tree-Fern Starch in a Simple 

Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
raw tree-fern 
starch alone. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 

1,162 

1,163 

H. L. G. 
E. L.M. 

per cent 

64.5 

73.8 

per cent 

95.6 

96.6 1 

per cent 

93.2 

96.6 

per cent 

65.7 

67.1 

per cent 

90.2 

96.5 

Average 

69.2 1 

96.1 

94.9 

66.4 

93.4 




The diet provided on an average 23 gm. of protein, 71 gm. of 
fat, and 314 gm. of carbohydrate per man per day with an energy 
value of 1,990 calories. The average amount of raw tree-fern 
starqh eaten per man per day was 150 gm. 

Subject H. L. G. digested approximately 90 per cent of the 
raw starch and Subject E. L. M. about 96 per cent. When 
samples of feces were .tested with iodine no distinct blue color 
was noted, but a brown color only . It would seem, therefore, tlia| 
the proportion of undigested starch was very small. 

ME JOUJOTiX OF BXOLOGICAl. CMMISrot, rOlL. Lll., 3k,qi,. r 
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Potato Starch. 


In order to find out what effect a smaller ingestion of raw potato 
starch than that previously tested would have on its digestibility, 
experiments were conducted using a pudding made in the same 
way as before except that only one-half the quantity of starch 
was used. 

Two experiments were conducted. The results are summarized 
in Table VIII. 


TABLE VIII. 

Summary of Digestion Experiments with Raw Potato Starch in a Simple 

Mixed Diet. 


Experiment 

No. 

Subject. 

Digestibility of entire ration. 

Estimated 
digestibility of 
raw potato 
starch alone. 

Protein. 

Fat. 

Carbohy- 

drate. 

Ash. 



per cent 

per cent 

per cent 

per cent 

per cent 

1,139 

C. J. G. 

75.7 

93.9 

96.7 

84.8 

99.7 

1,141 

E. L.M. 

67.4 

92.3 

95.8 

73.9 

94.5 

Average 

71.6 

93.1 

96.2 

79.4 

97.1 


The diet provided on an average 17 gm. of protein, 40 gm. of 
fat, and 212 gm. of carbohydrate per man per day with an energy 
value of 1,280 calories. The average amount of starch eaten 
was 59 gm. per man per day which is somewhat less than one- 
third the amount which was eaten in the other potato starch 
experiments. There was practically complete utilization of the 
starch in the first experiment in which only 40 gm. per man per 
day were eaten, while in the second experiment in which approx- 
imately 70 gm, were eaten, there was a somewhat smaller coef- 
ficient of digestibility. In both cases the iodine test for star#^ 
in the feces was positive. The average digestibility for r^ 
potato starch found in these two tests is 97.1 per cent and is 
considerably higher than the figure 78.2 per cent, previously 
obtained for potato starch eaten in about three times as great 
a quantity. It would seem from these tests that the smaller 
the quantity of potato starch eaten, the higher the coeflicient 
of digestibility. 
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DISCUSSION. 

The experiments with raw starches conducted by the Office of 
Home Economics have demonstrated that certain raw starches, 
including corn, wheat, cassava, rice, and taro root were completely 
digested when eaten in amounts sometimes as large as 250 gm. 
a day. Raw tree-fern and true arrowroot {Maranta anmdmacea) 
starches were nearly completely digested but some starch was 
present in the feces. Raw commercial arrowroot (Zamia flori’- 
dana) and potato starches showed considerably less complete diges- 
tion, large quantities being present in the feces. Raw canna 
starch was even less- digestible, its coefficient being only about 
50 per cent. 

In these experiments there seems to be a direct relationship 
between the size of the starch granules and its digestibility. 
Whether this relationship is accidental or not has not been deter- 
mined. One might readily suppose that the larger starch granule 
contained a thicker cellulose covering and consequently one more 
impervious to the digestive ferments than the smaller granule. 
The factor of surface area might also come into consideration 
since the larger the granule, the proportionately smaller surface 
area for being attacked. 

In the case of the larger granuled starches there appears to be 
a much larger variation between the ability of different subjects 
to digest the raw starch than could be accounted for on the basis 
of experimental error. The large number of digestion experi- 
ments previously conducted by this Office have, with the possible 
exception of some experiments on bran,^ demonstrated no greater 
variation in the ability of the digestive organs of different indi- 
viduals than might be attributed to experimental error. 

There are also indications that smaller quantities of a given 
starch might be more completely digested but additional experi- 
ments are necessary to prove this conclusively. 

^ Holmes, A. D., 17. JS. Dept. Agric,, Bull. 751, 1919. 
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INTRODUCTION. 

For quantities of lactic acid greater than 10 or 20 mg. the titra- 
tion method of von Flirth and Charnass (1) is available. For 
much smaller quantities, the only methods hitherto proposed have 
been colorimetric (2). With the disadvantages of colorimetric 
methods in mind, study was made of a titration method which 
gives satisfactory results with as little lactic acid as 0.2 mg. 

Chemical methods for determining lactic acid are based upon 
the following (3) reaction: 

CH3CHOHCOOH CHs COH 4 - CO -f H2O (A) 

It is not the purpose of this paper to review the literature dealing 
with these methods. It should be pointed out that the reaction 
has been carried out under two sets of conditions. In one case 
(4), dilute KMn 04 is added to the boiling acidified solution, and 
the resulting acetaldehyde distilled off and determined. In the 
other case (5), the reaction is carried out at a higher temperature 
in the presence of concentrated sulfuric acid. Under these cir- 
cumstances, either the aldehyde or the carbon monoxide may 
serve as a measure of the lactic acid present. 

Two questions arise in connection with these methods. First, 
as to the specificity of the reaction: It will be shown that many 
other substances — especially the other cvi-hydroxy-acids — yield 
aldehydes or ketones when subjected to either process. The sepa- 
ration of lactic acid from such interfering substances, is by no 
means easy. This question will be discussed further in connection 
with the application of the proposed method to biological material. 
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Detemiination of Lactic Acid 


The second question is concerned with the quantitative aspect of 
the reaction. In the present paper^ it will be shown that either 
process can be adapted to the determination of small quantities of 
lactic acid. 

The features of the method here presented are: a modification 
of the Ripper aldehyde titration with bisulfite; and the application 
of aeration to the transference of aldehyde from the reaction mix- 
ture to a solution of sodium acid sulfite. 

EXPERIMENTAIi PART. 

Titration of Acetaldehyde. 

The method of Ripper ( 6 ) is based on the following reaction: 

CH3COH + NaHSOa CHs CHOH SO3 Na (B) 

In slightly acid or neutral solutions, the reaction very rapidly 
proceeds practically quantitatively to the right; and the excess of 
bisulfite may be titrated without including that “bound’^ in the 
double compound. This method of titration gives concordant 
results with 0.1 and 0.01 n solutions; but when 0.001 n concentra- 
tion is used, the results are erratic. This may be due in part to the 
instability of such dilute bisulfite. It is not due to the instability 
of the double compound. For, if after the end-point is reached 
in a titration of excess bisulfite, a small amount of sodium bicar- 
bonate is added, the bound sulfite may then be titrated; and the 
results are theoretical. The figure so obtained is practically, if 
not quite, independent of the quantity of bisulfite originally used. 
These facts form the basis of the modified method. 

Preparation of Materials. 

Acetaldehyde was prepared by distilling paraldehyde with a 
small amount of dilute H 2 SO 4 . The vapor was led through a 
reflux condenser filled with water at about 30° and received in a 
flask of ice water. The product was redistilled in the same appa- 
ratus three times. In this manner a 20 per cent solution was 
obtained. Dilutions to 0.1, 0.01, and 0.001 n were made as 
needed. 

Sodium add sulfite was prepared by leading SO2 gas into a 
saturated NagCOs solution as long as CO2 was given off. The 
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color becomes pale greenish yellow, and the odor of SO 2 is obvious. 

Dilutions were made only as needed. 

Iodine was prepared in the usual way. A stock 0.1 n 
solution was diluted to make 0.01 or 0.001 n as needed. All solu- 
tions contain 2 per cent KI. The solutions were frequently 
checked against 0.1 or 0.005 n Na 2 S 2 O 3 containing a little NaOH, 
which, in turn, were checked against standard 0.1 n KIO 3 HIO 3 
(3.2496 gm. per liter). 


Method in Detail. 

The solution of aldehyde to be analyzed is added to a consider- 
able excess of bisulfite, whose exact amount need not be known. 

TABLE I. 


Titration of acetaldehyde by the Ripper method and by the modified 
method. Results are given in terms of cc, of standardized iodine. Acetal- 
dehyde solutions prepared by diluting an approximately 0.05 n solution. 


Acetaldehyde. 

Titer by Ripper method. 

Titer by modified Ripper 
method. 

10 

cc. 

. 0.05 N 

8.05 

cc 

. 0.1 N iodine. 

7.93“ 

cc. 

0.1 N iodine. 

10 

<t 

0.05 N 

8.03 

tt 

0.1 N 

a 

7.83 

ti 

0.1 N 

it 

10 


0.005 N 

8.09 

C( 

0.01 N 

iC 

8.08 

u 

0.01 N 

a 

10 

u 

0.005 N 

8.10 

ct 

0.01 N 

iC 

^ 8.08 

it 

0.01 N 

it 

20 

te 

0.0005 N 

14.90 

u 

0.001 N 

ti 

; 16.25 

u 

0.001 N 

it 

10 

« 

0.0005 N 

8.42 

u 

0.001 N 

le 

8.10 

it 

0.001 N 

it 

5 

u 

0.0005 N 

3.00 

u 

0.001 N 

« 

4.05 

a 

0.001 N 

ti 


After 10 minutes, the excess of bisulfite is oxidized by adding 0.1 n 
iodine, and the end-point is adjusted to a definite blue to starch, 
Sufiicient saturated sodium bicarbonate solution is then added to 
discharge the blue color. The bound sulfite can now be titrated 
with accurately standardized iodine. The end-point is deter- 
mined by a blank control. It will be seen that 2 atoms of iodine 
correspond to 1 molecule of aldehyde. Three points deserve 
attention; if the first end-point is exceeded, no great inaccuracy is 
introduced, because of the very slow velocity of reaction (B) to 
the left. The second end-point, though perfectly clear-cut, is 
not permanent, owing to secondary reactions, such as the forma- 
tion of iodoform. This side reaction is much more rapid if the 
alkalinity is too high; as may happen if the bicarbonate used con- 
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tains much earbonatej or if too much bicarbonate be used. The 
titration of the double compound is somewhat slow. The method 
appears to be satisfactory for dilute solutions as may be seen by 
comparison with the standard Ripper titration (Table I). 

Among the advantages of the method may be mentioned the 
fact that a large excess of bisulfite may be used, thereby making 
possible the aeration procedure for catching acetaldehyde. 
Among the disadvantages must be mentioned errors introduced 
by volatile substances, such as phenols, which react with iodine in 
weakly alkaline solution. Both the modified method and the 
original method yield values for acetone which are always low. 
This is due to the fact that the hydrolytic dissociation constant 
for acetone sodium bisulfite (7) is relatively large (3 X 10"’*) as 
compared with that for aldehyde sodium bisulfite, (2 X 10"®). 
It can be shown theoretically and by experiment that if a con- 
siderable excess of bisulfite is present, the fraction of acetone 
bound is constant for any given concentration of bisulfite and hy- 
drogen ion concentration. The error introduced by the presence 
of acetone can therefore be determined after removal of the alde- 
hyde by Shaffer’s method (8) on an aliquot of the solution to be 
analyzed. 


Isolation of Acetaldehyde from Reaction Mixture, 

Owing to its great volatility, acetaldehyde is liable to be lost 
when distilled. It was found, how^ever, that the method of 
aeration lends itself readily to the transfer of acetaldehyde from 
one solution to another. This can be understood from a considera- 
tion of the distribution coefficient. At 100°, the ratio of the con- 
centration of aldehyde in air and in water is 1:60; at 4°, the ratio 
falls to 1:1,760, If a slow’ stream of air be led through a small 
volume of the aqueous solution in a tube heated to 100°, and then 
through a large volume of ice water in two tubes in series, the 
transfer may be nearly quantitative. In one experiment, a liter 
of air passing through 5 cc. of solution at 100° removed 99 per cent 
of the aldehyde, transferring 96 per cent to 20 cc. of ice water in 
the first receiver and 3 per cent to a like volume in the second. 
If an excess of bisulfite is present in the receivers the aldehyde is 
m rapidly combined thaV subsequent losses do not occur, even if 
very large volumes of air pass. An ordinary aspiration pump is 
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used. No cooling of the receivers is necessary. In all the experi» 
ments to be reported, the receivers consist of 20 X 200 mm. Pyrex 
tubes; the aeration tubes are of glass drawn to thick-walled capil- 
laries, so that air passes through the fluid in a stream of small 
bubbles. Rubber tubing does not appear to hold back more than 
traces of aldehyde. The tube leading from the warmed reaction 
vessel is made of glass 40 cm. long and serves as an air condenser. 
Although the first receiver becomes warm from condensed water 
vapor, the catches of aldehyde are good (see Table 11). 


TABLE II. 

Analysis of lithium lactate solutions by the permanganate method. The 
largest part of the acetaldehyde is found in the first receiving tube. 


0.1 N 
lithium 
lactate. 

Yield of aldehyde in terms 
of 0.01 N I. 

Total minus 
blank. 

Theory. 

Yield. 

Lactic acid 
present. 

Receiver 1. 

Receiver 2. 



cc. 





per cent 

mg - 

0 

0.05 

0.00 





1 

18.00 

0.75 

18.70 

20.00 

93.50 

9.0 

1 

18.65 

0.20 

18.80 

20.00 

94.00 

9.0 

1 

19.00 

0.10 

19.05 

20.00 

95.00 

9.0 

0.001 N 
lithium 

Yield in terms of 0.001 n I. 

Total mintK 
blank. 

Theory. 

Yield. 

Lactic acid 
present. 

lactate. 

Receiver 1. 

Receiver 2. 

cc. 





per cent 

mg. 

0 

0.25 

. 0.05 





2 

3.68 

0.16 

3.58 

4.00 

89.50 ; 

0.18 

2 

3.57 

0.22 

3.69 

4.00 

89.8 

0,18 

2 , 

3.58 

0.25 

3.63 

4.00 

90.8 

0.18 


Determination of Lactic Acid in Pure Solutions, * 

Two lactic acid standards are used. Both were prepared from 
a commercial brand of lactic acid. f-Lithium lactate was prepared 
by adding the calculated quantity of LisCOs to 50 per cent lactic 
acid, filtering, concentrating, and recrystallizing three times. 
Owing to high solubility, the yield wag small, and the product was 
probably not pure. It possesses the advantages of having no 
water of crystallization. For most of the experiments, i-zinc 
lactate was used. It was prepared by adding the calculated 
amount of zinc chloride in solution to lactic acid previously neu- 
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tralized with NaOH. The product was recrystallized four times* 
It W'as free of chloride and its ZnO content was 27.32 per cent; 
theoretical for Zn (C3H5O3) 3 H 2 O is 27.36 per cent. A 0.1 n 
solution contains 14.88 gm. per liter. 

The reaction is carried out in a Pyrex glass tube 20 X 200 mm. 
A straight inlet tube di’awn to a capillary extends nearly to the 
bottom. The outlet tube is joined directly to a 40 cm. air con- 
denser which, in turn, leads to the two receiving tubes. A rapid 
current of air is maintained by an aspiration pump. Usually 
four sets of analyses ai’e run simultaneously. Eubber .stoppers 
are used. 


TABLE III. 


Lactate used corrected for 
error in pipettes. 

I used corrected for blank 
and titer. 

Theory. 

Yield. 

Lactic 

acid. 

2.0 cc. 0.001 N 

3.95 cc, 0.001 N 

cc. 

4.00 

per cent 

98.8 

mg , 

0.18 

4.0 ‘‘ 0.001 N 

7.85 0.001 N 

8.00 

98.2 

0.36 

8.0 0.001 N 

16.00 “ 0.001 N 

16.00 

100.0 

0.72 

2.0 “ 0.005 N 

19.80 « 0.005 N 

20.00 

99.0 

0.9 

4.0 “ 0.005 N 

40.00 “ 0.005 N 

40.00 

100.0 

1.8 

8.0 “ 0.005 N 

80.10 " 0.005 N 

80.00 

100.1 

3.6 

0.980 “ 0.05 N 

9.86 “ 0.01 N 

9.82 

100.5 

4.5 

1.995 “ 0.05 N 

19.32 « 0.01 N 

19.95 

96.9 

9.0 

3.990 “ 0.05 N 

39.10 “ 0.01 N 

39.90 

98.0 

18.0 

9.950 “ 0.05 K 

97.0 “ 0.01 N 

99.50 

97.5 

45.0 


Analysis of zinc lactate by heating with H2SO4. Eeceivers in cases of 
0.05 N zinc lactate contained 20 cc. of 0.1 n NaHSOs. 


Two methods for carrying out the reaction were tried. The 
first is a micro adaptation of the von Furth-Charnass procedure. 
The reaction tube, containing 5 or 10 cc. of 1 per cent II 2 SO 4 and 
the lactic acid to be estimated,Ais placed in a water bath heated to 
95°; the receivers each contain 20 cc. of 0.02 n NaHSOg. While 
a fairly rapid air current is passing, 0.005 n KMn 04 is added 
through the inlet tube, drop by drop; only as rapidly as it is de- 
colorized. Water is added to preserve the original volume. 
After about | hour, the permanganate no longer fades, and the 
reaction is complete. The air current is run for 10 minutes 
longer. The contents of the receiver are then transferred to a 
flask and the bound aldehyde is determined by the above described 
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titration. The yield (Table II) is about 92 per cent of the theo™ 
retical, a figure corresponding closely with that found by von 
Furth and Charnass for larger quantities of lactic acid. A factor^ 
0.05, was consequently used to calculate mg. of lactic acid from 
cc. of 0.001 N I. 

When larger quantities of lactic acid than 10 mg. are determined 
the results of this method are liable to be low. Attention was 
therefore directed to a second procedure, that of Meissner and 
Sclineyer, for the formation of acetaldehyde from lactic acid. 
50 per cent sulfuric acid is allowed to react at 140° with the solu- 
tion to be analyzed. The volume of the reaction mixture varies 
from 5 to 10 cc.; the tube is heated in a fusible alloy bath to 140°, 
The air current should be rapid. After an initial lag of 10 minutes, 
the aldehyde catch steadily increases and reaches a theoretical 
amount in 50 minutes. An hour is allowed for the reaction. It 
will be seen from Table III that the results with pure lactate solu- 
tions are satisfactory for 0.18 to 45 mg. of lactic acid. The blank, 
although fairly large, is constant. 

Application to Biological Material, 

Before applying these methods to biological material, it seemed 
important to study their results with various known substances. 
Table IV shows the yield of a bisulfite-binding product in terms of 
cc. of N iodine for a gram-molecule of each substance tested. It is 
seen that <ai*-hydroxy-acids in general give considerable yields as 
does glucose; glyceric aldehyde, gluconic acid, pyruvic acid^ 
smaller yields; citric acid under the conditions of the test, yields 
acetone, which binds bisulfite. Amino-acids give very small 
yields. jS-Hydroxybutyric acid gives only a small yield, as do creat- 
inine and uric acid. Charring occurred during the H2SO4 diges- 
tion only in case of glucose and gluconic acid but never with pure 
Qi-hydroxy-acids. Amino-acids and urea do not interfere. 

Another source of error must be pointed out. Many substances 
react with acetaldehyde in the presence of acid. Among these 
substances are the phenols. 1 mg. of phenol added to 1 mg. of 
lactic acid decreased the yield of aldehyde by the H2SO4 method 
by more than 50 per cent. Charring results in 50 per cent H2SO4, 
although neither pure phenol nor lactic acid are so charred. 
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It is evident that the methods are not specific for lactic acid 
but apply to other a-hydroxy-acids. Certain other compounds 
may be regarded as interfering substances. The problem of 

TABLE IV. 

Yield of bisuMte-binding substance from various compounds treated 
according to proposed methods for lactic acid. Results expressed in terms 
of cc. of N I solution per mol of substance- Theoretical for a hydroxy-acid 
should be 2,000. 


Substance analyzed. 

N I per uio). 

KMnO-i 

method. 

H2SO4 

method. 

Alanine. 

cc. 

0 

cc. 

4 

acid 

32 

0 

Aspartic acid 

0 

0 

i8-Hydroxybutyric acid (synthetic) 

100 

35 

Citric acid 

360 

151 

Creatinine 

100 

60 

Cystine 

0 

: 2 

Gluconic acid 

202 

270 

1,080 

95.6 

Glucose 

1,000 

16.5 

Glyceric acid ' 

GlycocolL 

0 

9 

Glycoliic acid. 

36 

865 

Hippuric 

0.0 

40 

Histidine dihydrochioride 

0 

9 

Leucine 

7 

0 

Malic acid. 

255 

1.012 

0 

Oxalic 

0 

Phenol 

76 

10 

Phenylalanine 

32 

0 

Pyruvic acid 

7.5 

7.6 

Succinic “ 

0 

0 

370 

Tartaric 

27 

Urea. 

0 

0 

Uric acid. ' 

220 

62 



pfsparating lactic acid from such substances is by no means easy. 
Om of the methods most frequently used is that of ether extrac- 
tion from an acid aqueous solution. Extraction from solid dehy- 
drating media (9)ysuch as Na2S04, or such as plaster of Paris, has 
been advocated. Other solvents, such as amyl or butyl 
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alcohol and ethyl acetate (10) have also been advocated, because 
the distribution coefficient (11) of lactic acid between these and 
aqueous solutions is more favorable to rapid extraction. These 
solvents, of relatively high boiling point, do not adapt themselves 
as readily to any automatic extractor as does ether. For this 
reason, the use of ether was adopted. The theory of continuous 
liquid extractors has been well presented by Pinnow (11), and 
needs very little comment. Practical points deserving emphasis 
are that the rapidity of extraction varies directly (a) with the dis- 
tribution-coefficient (ratio of concentrations of extractable sub- 
stance in ether and in aqueous solution) ; (5) with the rate of flow 
of ether; and (c) inversely vdth the volume of solution to be ex- 
tracted. The latter point has not received due attention; con- 
sequently, w^e find in the literature that very long periods of time, 
up to 60 hours, are sometimes necessary for “complete’^ extraction. 
Most chemists, impressed by the ^^salting out^^ action of ammon- 
ium sulfate, have added this salt to the solution to be extracted, 
thus raising the distribution coefficient. 

As the method described above for lactic acid is applicable to 
very small quantities, such as those found in 2 or 3 cc. of urine, it 
seemed desirable to devise a liquid extractor designed for such 
volumes of fluid. Its construction and operation may be ex- 
plained best by reference to Fig. 1. K is a 300 cc. Kjeldahl flask 
containing 50 cc. of ether, warmed in a water bath, is a Hop- 
kins condenser. F is a funnel made from a test-tube; its end 
should be slightly bent, and its opening about 0.5 mm. F, the 
extraction tube, blown from a test-tube, has a side opening 0 for 
ether outflow, and a small bulb at the lower end. The narrow 
lower portion should contain about 2 cc. in a column about 10 
cm. deep. A copper wire, W, holds F, and is carried between a 
cork, C, and the flask, K, As ether condenses and enters F, it 
gradually displaces the fluid in the stem; which should be of 
sufficient length to give such a head of pressure as to carry a rapid 
stream of ether in drops through the liquid in F, until a steady 
outflow takes place through 0. Soon after starting operation of 
the apparatus, bubbles of vapor may fill the stem of F, and pre- 
vent flow. In this case it is only necessary to make momentary the 
air pressure at the side tube of the Hopkins condenser^ The ob- 
structing bubbles of vapor then collapse. After flow has begun, 
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the appaxatus works very smoothly. It is usually run with the 
water bath at 60-70°. Liquids to be extracted are saturated with 
ammonium sulfate. It is convenient in practice to add about 
1.3 gm. of the crystals (from a small graduated test-tube) to 2 cc. of 
fluid in E. 

In studying the performance of this apparatus, 2 cc. quantities 
of solutions of various acids were placed in^land saturated by addi- 
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tion of 1.3 gm. of (NH 4 ) 2 S 04 . From time to time, extraction was 
interrupted and the ether extract was titrated in the flask with 
0.1 or 0.01 sr NaOH, using phenolphthalein as indicator. The 
resulting figures were compared with the amount of acid known 
to be present at the outset, or with the total amount extractable. 
Results are tabulated in Table V. 

It is evident that 99 per cent of lactic acid is extractable from 2 
cc. of solution in | hour; that in this period, about 5 per cent pf 
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citric acid, 60 per cent of glycoUic acid, 100 per cent of i^-hydroxy- 
butyric acid, and 90 per cent of pyruvic acid are extractable* 
Only a trace of H 2 SO 4 is extractable; pyruvic acid ( 12 ) can be 
rendered unextractable by the presence of bisulfite; glucose is not 
extractable. It is thus possible to free lactic acid from some of the 
known substances that interfere with its estimation. It must be 
emphasized at this point, that biological fluids probably contain 
substances other than lactic acid which are extractable by ether 
and which yield bisulfite-binding compounds. Some of these, 
such as the other a-hydroxy-acids, may even yield crystallized 


TABLE V. 

Extraction of various acids in § hour period, using continuous ether 
extractor. Results expressed in terms of 0.1 n acid. 


Acid. 

Taken. 

Extracted, i 

Percentage 

extracted. 

Malic 

CC. j 

1.8 

CC. 

0.3 i 

per cent 

16 

Gluconic ! 

2.2 

0.05 

2 

Glyceric S 

12.52 

2.0 

16 

Pyruvic 

10.38 

9.30 

89.5 

Glycollic 

6.45 

3.90 

60.5 

Tartaric 

7.30 

0.15 

2 

Citric 

22.85 

1.05 

4.6 

iS-Hydroxybutyric 

20.0 

20.0 

100 

Lactic 

20.45 

20.32 

99.2 



zinc compounds closely resembling zinc lactate. Moreover, phe- 
nols are extracted, and, as has been pointed out above, seriously 
lower the yield of acetaldehyde. One may, therefore, speak only 
provisionally of the total amount of ether extractable substances 
yielding aldehydes in terms of lactic acid. With this reservation 
in mind, the investigation was undertaken of the 'lactic acid” 
content of urine and of blood. 

Determinaiion of ^^Lactic Acid” in Urine, 

Since urine ordinarily contains very small amounts of lactic 
acid, and relatively large amounts of other carbon compounds, 
ether extraction was always employed before applying either the 
KMn04 or the H2SO4 method. It is quite certain that many 
other carbon compounds are thus extracted; such as phenols and 
fatty acids. This is evident from the fact that the ether extracts 
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reduce a very large amount of KM11O4 and char slightly when 
heated to 150° with H2SO4. These facts throw some doubt upon 
the figures obtained. 

As a measure preliminary to ether extraction, it is necessary to 
remove albumin if present. This is accomplished by means of 
tungstic acid. To 5 cc. of urine are added 0.5 cc. of 10 per cent 
sodium tungstate, and 0.5 cc. of n sulfuric acid. After precipita- 


TABLE VI. 

Analysis of urine. Results expressed as mg. of lactic acid per 100 cc. 
and as lactic acid per kilo per 24 hours. 


Case. 

Diagnosis. 

Lactic acid 
per 100 cc. 
of urine. 

Lactic acid 
per kg. 
per day. 

Blood 
lactic acid 
per 100 cc. 



mg. 

mg. 

mg. 

1 

Pneumonia, acute 

38 

? 

32 

2 

Epilepsy (no recent attack) 

13 

2.4 

24 

3 

Cardiac decompensation 

23 

4.1 

33 

4 

Normal (?) 

11 

5.4 

32 

5 

Bronchitis, chronic 

11 

4.4 

25 

6 

Scabies 

5 

4.1 

15 

7 

Pneumonia, convalescent 

10 

? 

30 

8 

Chicken pox 

11 

2.3 

44 

9 

Scarlet fever, convalescent 

14 

1.6 

31 

10 

it U U 

6 

5.9 

23 

11 ^ 

a u {( 

8.3 

2.9 

32 

12 

Athrepsia — 

6.5 

6.4 


12 

it 

11.7 

3.4 

32.5 

12 

a 

11.3 

2.9 


13 

if 

19 

4.2 


14 

it 

8 

6.4 



tion, the urine is filtered, 2 ec. are placed in the extraction tube. 
It has been found possible to separate phenols from lactic acid by a 
very simple procedure. 2 cc. of albumin-free urine in the extrac- 
tion tube are treated with a few drops of a strong phosphate buf- 
fer solution of pH 7.0, and extracted for 15 minutes. All the free 
phenols are then removed; 1.3 gm. of ammonium sulfate and a 
few drops of concentrated suKuric acid are then added, and the 
lactic acid is extracted with a fresh supply of ether for | hour. 
To the ether are added about 10 cc. of water, 1 drop of 0.5 per cent 
phenolphthalein, and sufficient 0.1 n NaOH just to give an alka- 
line reacticp. The ether is removed by distillation. The con- 
tents of the flask are transferred quantitatively to a small beaker. 
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and evaporated on a water bath nearly, but not quite, to dryness. 
The material is then washed with a small quantity of water into 
the reaction tube of the lactic acid apparatus, 10 cc. of 1:1 H 2 SO 4 
(by volume) or 5 cc. of concentrated H 2 SO 4 are added, and the 
determination is carried out as usual. Table VI shows figures for 
a few urines analyzed in this way. That lactic acid added to 
urine (containing albumin) may be recovered, is demonstrated 
both by direct titration of the ether extract and by the conversion 
to aldehyde. Blanks are fairly large, but constant. Although 
the ether contains large amounts of bisulfite-binding substances, 
these seem to be removed by the two evaporations. Acetone, 
preformed or split from acetoacetic acid, is also removed by 
evaporation. A source of error might arise in case of urines con- 
taining considerable jS-hydroxybutyric acid. This error is greater 
if the KMn 04 method is used. 

Determination of ^‘Lactic Add^^ in Blood, 

The removal of protein from biological material deserves 
special note. Mondschein (13) has shown that under certain 
conditions lactic acid is not uniformly distributed between pre- 
cipitated protein and filtrate. Van Slyke and Baker (14) call 
attention to the fact that casein has the power to adsorb consider- 
able amounts of lactic acid and to the fact that at the isoelectric 
point of casein, such adsorption becomes negligibly small. Folin 
and Wu (15) find (empirically) that uric acid is adsorbed by pro- 
tein precipitates, if the acidity of the medium is too high; the 
tungstic acid precipitation as elaborated by these workers avoids 
that diflB-culty. It also gives a filtrate satisfactory for the deter- 
mination of lactic acid. This is indicated by the figures for re- 
covery of lactic acid added to blood. 


Becovery of lactic acid added to blood before precipitation of protein; 
1 cc. of zinc lactate solution, diluted to correspond to final dilution of 
blood filtrate gave a liter of 51.2 cc. of 0.001 n I. 


Zinc lactate. 

0.001 N I. 

Recovery of lactic 
acid. 

Recovery. 

cc. 

cc. 

cc. 

jw cent 

0 

16.8 



1 

67.5 

50.7 

99.0 

2 

114.0 . 

97.2 

93.5 

« 
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One of the most tmie-consuming steps in the usual methods for 
determination of lactic acid in blood has been the ether extraction. 
This is due, as has been indicated above, to the large volume of 
filtrate extracted. This difficulty can be obviated by evaporating 
the filtrates to a small %"olume. It must be remembered, however, 
that evaporation should be done under diminished pressure, in 
neutral or slightly acid solution, because at 100°, loss of lactic 
acid will occur if the solution is acid; and if the solution is alkaline, 
glucose readily yields compounds extractable by ether and yielding 
bisulfite-binding substances. In solutions too acid, glucose 
yields formic acid. It is likely that in blood filtrates the chief 
interfering substance from which lactic acid is separable by ether, 


TABLE VII. 

Comparison of lactic acid determinations in the same blood by the 
KM 11 O 4 and the H2SO4 method. 


Case. 

KMnO^ 
per 100 cc. 

H 2 SO 4 
per 100 cc. 

Normal child 

mg, 

23.0 

mg, 

21.0 

Burn, child 

42.8 

33.1 

u u 

36.3 

28.5 

Babbit 1 

112.0 

98.0 

“ 2 

54.0 

49.0 

« 3 

64.5 

43.0 



is glucose. Any method which would remove the glucose from 
solution w^ould probably be satisfactory. A method proposed by 
Van Slyke (16) has been used for this purpose. To 10 cc. of the 
Fohn-Wu filtrate, representing 1 cc. of blood, are added 2 cc. of 
10 per cent CUSO 4 and 2 cc. of 5 per cent suspension of Ca(OH) 2 . 
After being shaken at intervals for | hour the mixture is centri- 
fuged, and 5 cc, duplicates of the filtrate are used for analysis. 
The blank in this case is determined by treating 10 cc. of 0.1 per 
cent glucose in the same way as the Folin-W u filtrate. Results on 
ether extracts of evaporated blood filtrates agree well with those 
obtained on the copper hydroxide filtrate. 

Blood lactic acid (in a case of cardiac failure) : 

Determination on ether extract of blood filtrate, mg, per 100 cc, 

of Mod 155 

Determination by copper-lime method, mg, per 100 cc, of blood, 161 
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It is of interest to compare the results obtained by means of the 
KMn 04 method with results of the H2SO4 method (Table VII). 
The results of the oxidation method tend to be slightly higher. 
Probably the H2SO4 method gives results nearer the truth. It 
must be emphasized again that neither method is specific for lactic 
acid, but determines a group of substances. The same criticism 


TABLE VIII. 

Determinations of lactic acid in blood of convalescent children at rest 
in bed. 


Case. 

KMn04 

method. 

Case. 

; H 2 SO 4 

I method. 


I mg. 100 cc. 


mg. 100 cc. 

Empyema 

25.9 

Pneumonia 

29.1 

Nephritis. 

32.3 

Epilepsy 

24.0 

Diphtheritic paralysis. . . . 

27.9 

‘^Normal” 

32.1 

Nephritis 

35.6 

Bronchitis 

25.3 

“Normal” 

21.8 

Scabies 

14.7 

Cardiac 

26.7 

“Normal” 

30.7 

Chorea 

20.5 

Convalescent scarlet fever. 

31.2 


29.0 

ti u a 

23.2 

Typhoid 

27.0 

tt u tt 

32.0 

Harelip 

25.4 



Tuberculous hip 

28.0 



Pulmonary tuberculosis,. . . 

34.0 



Chorea 

27.2 



Bronchitis 

25.4 



Epilepsy 

34.0 

i 


Feeding 

29.1 



Diabetes 

28.0 



tt 

20.0 



Maximum 

35.6 

Maximum 

32,1 

Minimum 

20.5 

Minimum,. 

14.7 

Average 

28.1 

Average.. ! 

26.9 






applies to methods proposed by others for lactic acid. The zinc 
salt (17), which is often isolated, weighed, and analyzed, frequently 
contains impurities, which may even prevent its perfect crystal- 
lization. If purified, loss inevitable occurs. Methods (18), de- 
pending upon measurement of the CO evolved when H2SO4 acts 
upon lactic acid, are of less value because many other substances 
yield CO under like circumstances. Polariscopic methods (19) are 
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of value only when the presence of other optically active com- 
pounds can be excluded, and when large amounts of material are 
at hand. 

It should be pointed out that pathological bloods containing 
acetone bodies (13) may yield too high results. In order to take 
account of the interfering action of acetone (preformed or derived 
from |8-hydroxybutyric or acetoacetic acid), the method proposed 
by Shaffer and further studied by Hubbard was employed. After 
the final titration with 0.001 jsr iodine, the solution is transferred 
to a 300 cc. Kjeldahl flask, and about 1 gm. of sodium peroxide 
is added. The flask is joined to a condenser. In the receiver is 
placed 40 cc. of 0.02 n NaHSOg. After heating the Kjeldahl flask 
15 minutes in a boiling water bath, direct heat is applied and dis- 
tillation is carried out for 4 or 5 minutes. It can be shown that 
acetaldehyde is completely oxidized, and that 9-11 the acetone may 
be recovered. After half an hour, the contents of the flask are 
titrated in the usual way. The blank thus obtained is subtracted 
from the original quantity of 0.001 n iodine. In normal cases 
it varies from 0 to 0.2 cc., and in most cases may be disregarded 
without great inaccuracy. 

A summary is given of the findings in the blood of convalescent 
children (Table VIII). 


SUMMAEY. 

1. A modification of the Ripper method for the titration of 
acetaldehyde is developed. 

2. Aeration is apph’ed to the transference of acetaldehyde from 
one solution to another. 

3. The von Ftirth-Charnass method for the estimation of lactic 
acid is adapted to quantities from 0.2 to 10 mg. 

4. A method is developed, using 50 per cent sulfuric acid at 
140®C,, for the estimation of from 0.2 to 45 mg. of lactic acid. 

5. It is shown that methods such as these need special criticism 
when applied to biological material. 

6. A method is elaborated for urine, which gives a provisional 
normal figure for the lactic acid content frotn 5 to 13 mg. per 100 cc. 

7. A method is elaborated for blood, which gives a provisional 
normal figure from 15 to 32 mg. per 100 cc. 
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This investigation was suggested by the phenomenal mineral 
content of milk, and by observations on the behavior of milch cows 
which raised a question as to whether the mineral metabolism 
might not become a matter of critical importance in conditions 
of nutritional stress, especially as resulting from extreme develop- 
ment of the lactating function through selective breeding. 

These observations were the following: (1) There is greater 
difficulty in getting a cow with calf after heavy and prolonged 
lactation than if bred comparatively soon after calving; (2) cows 
bred too young tend strongly to remain permanently small; (3) 
occasionally a cow will fail, unaccPimtably, after calving, to ap- 
proach her normal milk production; (4) cows calving while in 
especially thin condition, or calving without having had an ade- 
quate dry, resting period, are apt to begin lactation at less than the 
normal rate, or, after a brief term of production, to fail abruptly; 
and (5) performance tests of milch cows, under conditions of forced 
production, have resulted in the loss of breeding capacity of so 
many superior cows as to occasion frequent comment and discus- 
sion among dairy cattle breeders. 

That these unfavorable conditions have resulted from nutritive 
depletion seems unmistakable. To determine the importance of 
mineral metabolism in this relation was the primary object of this 
study, the method being to ascertain through a series of income 
and outgo experiments the r61e of the several mineral elements, 
and also nitrogen, in the annual cycle of lactation and gestation. 

This investigation, involving the determination of 60 balances 
of intake against outgo with each of the elements sodium, potas- 
sium, calcium, magnesium, sulfur, phosphorus, chlorine, and ni- 
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trogerij as well as 12 balances of silicon and 6 of arsenic, comprises 
four studies, three of which have been published in detail, the 
fourth being the subject of this paper. 

The first investigation^ consisted of 18 balances of income and 
outgo, during liberal milk production, in the first half of the 
period of lactation. Normal rations of hay, grain, and silage, fed 
in quantities sufficient to maintain the live weight and to cause 
regular nitrogen and sulfur storage, led to invariable losses of 
calcium and magnesium from the body, and also negative balances 
of phosphorus in 15 out of 18 instances. The losses of calcium 
must certainly have involved drafts upon the mineral substance 
of the skeleton. The losses of these mineral elements which oc- 
curred during the feeding of timothy hay were larger than those 
occurring during the feeding of clover hay, but the cows were 
remarkably unresponsive to the large increase in calcium intake 
brought about by a change of roughage from timothy to clover hay. 
A considerable metabolism of silicon was demonstrated, especially 
as introduced into the ration by the timothy hay. This silicon 
was present in soluble compounds in amounts sufficient to render 
acid the normally alkaline urine. 

The experiment, then, demonstrated the fact that the elabora- 
tion of milk in cows of good productive capacity, while on normal 
winter rations, involved drafts upon the mineral substance of the 
skeleton. In subsequent studies we have attempted to illuminate 
the conditions under which these mineral losses occur, and likewise 
th§ terms upon which these overdrafts are made good by storage. 

In the second experiment,^ we studied the effects of addition to 
the ration of large amounts of calcium carbonate, steamed bone 
flour, and sodium chloride, in a series of 12 balances. As in the 
first experiment, the subjects were in the first half of the period of 
lactation. Calcium was supplied in varying amounts up to double 
the maximum fed in the previous experiment. 

As in the first study aU calcium balances were negative. There 
was also Ic^s of magnesium in all instances but one, but it was 
found to be possible for the cow to store phosphorus at the same 

^Forbes, E. B., Beegle, F. M., Fritz, C. M., Morgan, L. E,, and Khue, 
S. N,, Ohio' Agric. Exp, Station j Bull, B95^ 1916. 

® Forbes, E. B., Beegle, F. M., Fritz, C. M., Morgan, L. E., and Kbue, 
S. QMo Affrio, JS^p. Station, Bull, 308, 1917. 
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time that she was losing calcium. Excessive supply of calcium 
and magnesium then, failed to cause retention or even equilibrium 
of these elements; and the terms of the general mineral metab- 
olism were not altered in important ways by doubling the intake 
of common salt. 

In the third experiment,® comprising again 12 complete mineral 
balances, the subjects being, as before, in the first half of the 
period of lactation, the calcium content of some of the rations was 
still further increased, and a study was made of the influence upon 
the general mineral metabolism of three calcium compounds 
selected because of their ready solubility; namely, calcium lactate, 
calcium chloride, and precipitated bone phosphate. 

The balances of calcium were, again, all negative; and there 
was no evidence that the limited utilization of calcium by lacta- 
ting cows is due to difficult solubility of the calcium compounds of 
the ration, nor were any of the calcium compounds studied found 
to possess distinct superiorities over the others in their effects upon 
the calcium balance. 

As in the previous studies the most salient points among the 
conclusions were tbe coincident gaim in nitrogen (Period II) and 
losses of mineral nutrients, and, especially, a strikingly poor utili- 
zation of mineral supplements. 

In spite of superabundant supplies of calcium, magnesium, and 
phosphorus in the rations the balances of calcium and phosphorus 
were in every case negative, and of magnesium 11 out of 12 bal- 
ances were negative. This limited utilization of mineral nutrients 
was shown not to be due primarily to their conditions as to 
solubility. 

Having accomplished a searching inquiry into the mineral metab- 
olism of the milch cow during the period of most active produc- 
tion, and having demonstrated the existence of conditions during 
this earlier portion of the period of lactation which cannot possibly 
prevail during the entire productive life of the cow, it was our 
object in the fourth study especially to bring out the facts as to 
the course of the mineral metabolism through the whole of the 
annual cycle of lactation and gestation. 

® Forbes, E. B., Halverson, J. O., and Morgan. L. E.. Ohio Agric. Exp, 
Station, Bull. SSO, 1918, 111-118. 
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To accomplish, tills purpose the subjects of this experiment were 
so selected that the series of balance determinations would cover, 
in a disconnected way, the entire reproductive cycle, in recogni- 
tion of the facts that the periodic variation in the mineral metab- 
olism is a matter of critical importance, and that, both in relation 
to physiology and matters of practice, in milk production, the 
year is the unit. 

Secondary objects were to determine the value of the particular 
mineral supplements used, including arsenic, and to continue our 
examination into the conditions of the general mineral metabolism 
of the cow, especially as to interrelationships between the elements. 

The method of this study, as of the preceding three, involved 
the complete chemical accounting for feed, milk, urine, and feces. 
As in the earlier experiments six Holstein-Friesian cows were used, 
in three series of balance determinations, the collection periods 
being either 16 or 20 days in length, except as shorter periods were 
necessitated by the exigencies of the difficult experimental pro- 
gram. The collection periods were normally separated by 10 day 
intervals during which the subjects received the same ration which 
was to be used in the collection period to follow. The length of 
this intermediate period was extended in cases in which difficult}^ 
was experienced in getting the subjects onto a satisfactory basis 
of feed consumption and of general behavior. 

The experimental subjects were all mature cows, in their prime 
(with one exception, to be noted), and were either high grades or 
pure-breds of first-class utility type. The cows in full milk varied 
from good to very good producers, as evidenced by their average 
daily milk yields of 37.87 to 61.36 pounds. All were in perfect 
health except No. 7, the history of which, subsequent to the com- 
pletion of the experiment, indicates that she was not in normal 
condition during the investigation, but this fact seems to have had 
no important effects upon the results obtained in this study. 

The cows were entirely dry in 7 balance determinations, and in 
4 more were giving less than 10 poimds of milk per day. In the 
remaining 7 balance determinations the cows, as already stated, 
yielded from 37.87 to 61.36 pounds of milk per day. 

In 11 out of 18 cases we were successful in keeping the cows in 
satisfactory condition for experimentation during the whole of the 
coEection periods of 16 to 20 days as contemplated, but in the 
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remaining 7 cases the unusual difficulties of our experimental pro- 
gram required greater or less abbreviation of the collection 
periods. Results from the shorter periods are certainly of less 
value than those from the 16 to 20 day periods, but, even so, were 
mostly longer than the greater part of those reported in the 
literature. 

These balance periods cover, with some interruptions, the entire 
cycle, from the first day of lactation to the day before parturition. 

TABLE I. 


Stage of Lactation and Gestation Covered hy the Experiment. 


Period 

No. 

Cow 
No. i 

Distinguishing feature of 
treatment. 

Period 

of lactation.* 

Period 
of gestation. 

Average 

daily 

milk. 

I ^ 

1 

Calcium supplement. 

day 

139-158 

day 

49-68 

lbs. 

42.77 


2 

No supplement. 

142-161 

Not bred. 

37.87 


3 

Calcium supplement. 

Dry. 

246-265 

Dry. 


4 

No supplement. 

U 

240-259 

li 


5 

Calcium supplement. 

55-74 

Not bred. 

40.63 


6 

No supplement. 

50-69 

u 


49.61 

II 

3 

No supplement. 

1-7 

Not bred. 

47.48 


4 

Calcium supplement. 

Dry. 

275-279 

Dry. 


7 

a u 

Nearly dry. 

226-229 

9.79 


8 

No supplement. 

Dry. 

248-263 

Dry. 


9 

Calcium supplement. 

Nearly dry. 

182-197 

3.95 


10 

No supplement. 

a a 

178-193 

9.98 

III 

1 3 

Arsenic; no calcium. 

30-39 

Not bred. 

54.47 


: 4 

and 

24-33 

u 

a 

61.36 


7 

t( (t (C 

Nearly dry. 

: 250-265 

1.28 


1 8 

1 “ no 

Dry. 

i 273-279 

Dry. 


1 9 

and 

« 

209-221 

u 


1 10 

no “ 

u 

i 202-217 

is 


* All days indicated are inclusive; that is, the period from the 49th to 
the 68th day includes both of these days, and is 20 days long. 


The plan of this experiment is as indicated in Tables I and II, 
pages 285 and 286. In Table I the individuals are arranged in the 
three periods as fed; in Table II they are arranged in natural 
sequence, from beginning of lactation to end of gestation. 

Table III, page 287, reports average daily amounts of feeds con- 
sumed, milk produced, and gain or loss in live weight; Table IV, 
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page 288; sets forth the composition of the milk; while the balance 
data are reported in Tables V; VI, and VII, pages 290 to 295. 

The cows were selected in pairs at about the same stage in the 
period of lactation and gestation; and one of each pair was given a 
mineral supplement, while the other, for comparison, received the 
basal ration alone. 


TABLE II. 


Enumeration of Individual Balance Periods^ loith Designation of Stages 
of Lactation and Gestation to Correspond, Arranged in Natural 
Sequence. 


Period 

Ko. 

Cow 

No. 

! Distinguishing feature of 

1 treatment. 

Period 
of lactation. 

Period 
of gestation. 

Average 

daily- 

milk. 




day 

day 

lbs. 

II 

3 , 

No supplement. 

1-7 

Not bred. 

47.48 

III 

4 

Arsenic and calcium. 

24-33 

it it 

61.36 

III 

3 


80-39 

({ it 

54.47 

1 

6 

No-'supplement. 

50-69 

ii it 

49.61 

I 

5 

Calcium supplement. 

55-74 

a it 

40.63 

I 

1 

te a 

139-158 

49-68 

42.77 

I 

2 

No supplement. 

142-161 

Not bred. 

37.87 

II 

10 

te u 

Nearly dry. 

178-193 

9.98 

II 

9 

Calcium supplement. 

ii ti 

182-197 

3.95 

III 

10 

Arsenic. 

Dry. 

202-217 

Dry. 

III 

9 

“ and calcium. 

ti 

209-221 

a 

II 

7 

Calcium supplement. 

Nearly dry. 

226-229 

9.79 

I 

4 

No supplement. 

Dry. 

240-259 

Dry. 

II 

8 

a ic 

te 

248-263 

u 

I 

3 

Calcium supplement. 

ti 

246-^65 ; 

it 

III i 

7 

Arsenic and calcium. 

Nearly dry. 

250-265 

1.28 

III'’ 

8 

u 

Dry. 

273-279 

Dry. 

II 

4 

Calcium supplement. 

a 

275-279 

ti 


The same mineral supplement was used in all cases, consisting 
of equal amounts of precipitated bone phosphate and precipitated 
calcium carbonate. The former is a by-product of gelatin manu- 
facture, while the latter was a by-product of the manufacture of 
sodium hydroxide, in soap-making. 

In the choice of this mineral supplement it was our design to 
supply calcium in readily soluble form, the precipitated bone 
phosphate being selected as cheap, readily accessible, and also a 
carrier of a useful acid element. The precipitated carbonate was 



TABLE III. 

Average Daily Feeds Consvmed, Milk Produced, and Gain or Loss in Live Weight. 

Feeds consumed. I 
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added to the phosphate in order to supplement the calcium of the 
former, which, from a nutritional point of view, may be considered 
as present in deficient amounts as compared with phosphorus. 
The half-and-half proportion was determined arbitrarily. Of this 
mixture we fed a sufficient amount to supply, in each case, 70 mg. 
of calcium per kilo of live weight per day, based on live weights 
during preliminary or intermediate periods. 

The basal ration in Periods I and II was composed of corn- 
meal 13 parts, and 1 part each of cottonseed meal, linseed-meal, 
and wheat bran, with alfalfa hay virtually ad libitum, and common 
salt in weights equal to 0.007 that of the grain. 

It was found, however, that with alfalfa hay as the sole roughage 
this ration was more laxative than was desired. On this account 
the linseed-meal was eliminated in Period III, and the proportions 
of cottonseed meal and wheat bran were increased to make the 
the basal ration corn-meal 5 parts, cottonseed meal 1 part, and 
wheat bran 2 parts. These rations were of normal, standard 
type, but differed from the best in lacking corn silage. 

The amounts of feed first offered the cows were determined by 
computation of their requirements. These amounts were then 
readjusted to meet the individual peculiarities of the subject^. 

Arsenic in the form of Fowler’s solution was fed to each of the 
six subjects, in Period III. The reasons for the inclusion of 
arsenic in this study were; (1) arsenic is being used as a component 
of certain commercial feeds for cows, (2) there is evidence in the 
literature in support of the idea that arsenic is effective to stimu- 
late calcium retention, and (3) the public has an interest in know- 
ing whether arsenic, administered to a cow, is eliminated to an 
appreciable extent in the milk. 

The cows were fed and milked four times daily, at 6 hour inter- 
vals, and watered twice daily, after the morning and the evening 
feeding. They were weighed daily throughout the experiments! 
As usual the cows were watered with distilled water only, and the 
greatest care was used to guarantee the purity of this water. No 
water was placed in the storage tank without first testing it for 
contamination. 

The cows were completely adapted to the routine before the 
beginning of the experiment, including the lights throughout the 
night, and there is no evidence that any of the peculiarities of the 
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Period I. Average Daily Balances of Minerals and Nitrogen. 
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Nitro- 

gen . 

Food. 

Milk. 

Urine. 

Fones. 

Bal- 

ance. 

gm. 

303.4 

83.0 

113.4 
106.8 
4 - 0.2 

294.3 

77.7 

115.1 

107.2 
- 5.7 

197.3 

105.1 

59.0 
4 - 33.2 

Phos- 

phorus. 

Food. 

Milk. 

Urine. 

Feces. 

Bal- 

ance. 

gm. 

49.5 
15.0 

0.1 

32.5 
+ 1.9 

38.5 

14.8 
0.4 

23.8 
- 0.5 

35.4 

0.2 

28.8 
+ 6.4 

Chlo- 

rine. 

Food. 

Milk. 

Urine. 

Feces. 

Bal- 

ance. 

gm. 

39.2 

16.6 

6.8 

14.6 

+ 2.2 

35.9 

19.1 
8.0 
8.4 

+ 0.4 

24.2 

16.2 
6.9 

+ 1.0 

Sulfur. 

Food. 

Milk. 

Urine, 

Feces. 

Bal- 

ance. 

( M ( Nt>OCO COOOC 01 >iO CO 

g OS lO O CO O 00 + tH CO * rH O * O 00 * r-I 

T - irH | (M ^ 

Magne- 

Bium. 

Food. 

Milk. 

Urine. 

Feces. 

Bal- 

ance. 

gm. 

32.7 
2.8 
2.8 

33.2 
- 6.1 

31.3 
2.2 
3.9 

30.6 

- 5.4 

21.8 

2.5 

21.5 

- 2.2 

Cal- 

cium. 

Food. 

Milk. 

Urine. 

Feces. 

Bal- 

ance. 

gm. 

129.6 

17.2 
0.7 

116.8 

- 5.1 

93.5 

18.2 
1.5 

83.9 
- 10.1 

106.0 

0.1 

98.9 
+ 7.0 

Potas- 

sium. 

Food, 

Milk. 

Urine. 

Feces. 

Bal- 

ance. 

gm. 

137.2 

24.8 

97.8 

14.9 
- 0.3 

135.1 

21.7 

112.3 
9.3 

- 8.2 

92.9 

90.0 

4.7 

- 1.8 

So- 

dium. 

Food. 

Milk. 

Urine. 

Feces. 

Bal- 

ance , 

gm. 

22.2 

7.0 

9.1 
8.6 

- 2.6 

20.9 

6.1 
12.0 

4.7 

- 1.9 

13.2 

10.5 

3.3 

- 0.6 
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mineral metabolism were due to disturbance caused by the experi- 
mental procedures. A chemist was present at all times during the 
24 homSj to guai’antee correct weightSj measures, and conditions 
of care; and the subjects were in a perfectly normal state of com- 
fort and composure. Lack of exercise may conceivably have 
affected the mineral metabolism in specific ways, though we have 
no evidence or knowledge to warrant an assumption that this was 
true or likely to be true. 

In 12 out of the 18 balances the cows gained in weight, and 
among the 7 balances in wMeh the cows gave no milk the subjects 
gained in w^eigiit in 6 instances. The dry cows gained, on an 
average, 0.83 kilo, or 1.83 pounds, per head per day. 

Among the milking cows the four which were nearly dry all 
gained in weight, while among the seven in full milk five lost and 
two gained in weight. 


Discussion of Results. 

Composition of the Milk . — ^That the gross composition of the 
milk is determined by the age, breed, individuality, and state of 
health of the cow, and by the time in the period of lactation, and 
not in any definite way by the composition of the ration, is so 
thoroughly established and generally understood as to require no 
discussion. Certain of the valuations in composition as related to 
the time elapsed since calving, however, are worthy of note. 

Cow 3, Period II, was on experiment during the first 7 days of 
lactation. The milk from this period included the colostrum. 
The analysis shows that this milk, as compared with that from 
Cows 1 and 2, Period I, which between them covered the 139th to 
the 161st days of lactation, contained approximately twice the 
proportion of nitrogen, sodium, and sulfur, and a less pronounced 
excess of each of the other mineral elements. The laxative char- 
acter of the colostrum may readily be due to the minerals which 
it holds in solution. 

At the other end of the period of lactation stood Cow 7, Period 
III. This cow was milked only four times during the 16 day 
period. The secretion was curdy, and distinctly not normal milk. 
It was very low in fat, sodium, potassium, and calcium, and high 
in nitrogen, magnesium, sulfur, and chlorine. This milk also 
contained 6 parts per million of arsenic, but this fact is thought not 



Forbes, Schulz, Hunt, Winter, and Remler 297' 

to be important in connection with normal milk secretion since 
this cow was not ^ ^giving milk’^ in the ordinary sense, and the 
secretion was not of usable character. The milk of the fresh 
cows (Nos. 3 and 4) contained no arsenic. 

Cows 7, 9, and 10, Period II, were well along toward the end of 
the period of lactation. They produced from 4 to 10 pounds of 
milk per head per day. Their milk was normal and usable, but 
the analysis shows that it differed from milk produced at the 
middle of the period of lactation by being high in nitrogen and in 
all of the minerals except potassium, which was distinctly low. 
Sodium and chlorine were in much greater excess than the other 
mineral elements. 

Balance Determinations . — Tables V, YI, and VII, pages 290 to 295, 
show: (1) the average daily milk yield, in grams, and in pounds; 
(2) the distinguishing features of the experimental feeding; (3) 
the status of the subjects, as to lactation and gestation; (4) the 
amounts of each of the mineral elements, and of nitrogen, in feed^ 
milk, urine, and feces; and (5) the balance of income to outgo for 
each of these elements, eight in number in Periods I and II, and 
nine in Period III. 

The subjects of this experiment having been selected in pairs 
representing the same stage in the annual cycle, one receiving a 
mineral supplement and the other the basal ration alone, in each 
case, we shall consider them in this light. 

Cows 1 and 2, Period I, representing days of lactation 139 to 
161, were not bred, and with milk production of 37.87 to 42.77 
pounds, exhibited negative mineral balances, as a rule; and these 
together with the status of the sulfur and nitrogen balances, 
indicated a slightly insufficient food intake. 

Cows 3 and 4, both dry, representing days of gestation 240 to* 
265, received feed enough to provide for retention in 12 out of the 
16 individual elemental balances, including calcium, phosphorus, 
sulfur, chlorine, and nitrogen, for both cows. These positive 
balances are due to the cows having a sufficiency of feed, being 
dry, and being in the later part of the period of gestation. 

Cows 5 and 6, in full milk, and not bred, days of lactation 50 
to 74, like Cows 1 and 2 were slightly underfed, and, being also* 
rather recently fresh, with the lactating impulse still at its height, 
and the milk secretion liberal (40.63 to 49.61 pounds), the balances 
were almost all negative. 
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After this period Cows 1 , 2, 5, and 6 were discarded, Nos. 3 
and 4 eoiitimied, and Cow’s 7, 8, 9, and 10 added. 

Cows 3 and 4, Period II, were normal^ of about the same 
weight (Table III, Period I, page 287). In Period II, Cow 3 had 
just calved, and No. 4 wns just about to calve. Their feed intake 
was the same, except that No. 4 w^as given a mineral supplement. 
The balances of these cow'S afford a striking demonstration of the 
essential character of metabolism at the beginning and at the 
end of the annual cycle. 

Cow 4, during the last 5 days of pregnancy, was storing each 
of the mineral nutrients and nitrogen at a rapid rate, as shown by 
the 8 positive balances, while No. 3, immediately after parturition, 
on the same ration, except for the lack of the calcium supplement, 
lost large!}" of each of the elements studied. These losses were 
due in part to the liberation of a flood of nutrients, stored up during 
gestation, and in part to the insufficiency of the ration. It is 
interesting and significant that No. 4, just before calving, was 
storing calcium more rapidly than any other cow at any other 
period of the annual cycle. We believe that this result fairly rep- 
resents a fact, that calcium, the balance of which is always 
negative during the early part of the period of lactation, is stored 
in abundance during gestation, especially during its last stages. 

Cows 7 and 8, representing days 226 to 263 in the period of 
gestation, one being dry and the other nearly dry, were nearly 
ready to calve. The balances of sodium, sulfur, chlorine, phos- 
phorus, and nitrogen were all positive, as also was the calcium 
balance in the case of the dry cow, which was also’ nearest to 
calving. 

These balances indicate, as in the' cases of Cows 3 and 4 in 
Period II, a sufficiency of feed, and the later and more rapid 
storage period in the term of gestation. 

Cows 9 and 10 were not quite so far along in gestation, but told 
the same story, of spent impulse to lactate, and of storage in 
anticipation of parturition, all balances except magnesium being 
positive. Under these circmnstances it seems impossible that the 
negative magnesium balances signify insufficiency of this nutrient. 

The balance data reveal "no extensive or certain effect of the 
administration of calcium supplements on the retention of this 
element. ■ ■ 
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In Period III the general record of Cows 3 and 4 was typical of 
what we have come to expect of fresh cow^s. They received 
sufficient amounts of feed to maintain nitrogen equilibrium, but 
suffered general loss of mineral nutrients. 

Cows 7, 8, 9, 10, all either dry or nearly diy, and all late in the 
period of gestation, all stored nitrogen, sodium, and caicimn, while 
positive balances also prevailed with the majority of the other 
elements, except for potassium and magnesiimi, wdtli ivhich 3 and 
2, respectively, out of the 4 balances were negative. 

Sodium . — Our arbitrary fixing of the sodium chloride intake at 
0.007 of the amount of the grain, resulted in the provision of an 
allowance w^hich was, perhaps, hardly sufficient, since 7 out of 
the 18 sodium balances, and 3 out of the 18 chlorine balances were 
negative; but, except for the case of Cow 3, Period II, wdiich -was 
manifestly underfed, the maximum loss of sodium was 2.5 gm. 
per day, and of chlorine 1.4 gm.; and the gains were much more 
numerous and extensive than the losses. 

In consideration of the extreme mobility of sodium, and the’ 
size of the cow (not to mention the difficulty of estimating sodium 
with accuracy), we are not inclined to emphasize the significance 
of a maximum loss of 2.5 gm. of sodium per day; but to provides 
against the possibility of loss a larger intake might well be 
provided. 

" We incline to regard as more significant than any of the losses 
of sodium the positive balances of Cow 4, Period I, Cows 4, 7, 8, 
9, and 10 in Period II, and Cows 7, 8, 9, and 10 in Period III, 
these positive balances, some large, some small, apparently re- 
sulting especially from a considerable intake, or low milk pro- 
duction, or advance in the period of gestation, or combinations 
of these influences which favor storage. 

Comparing the sodium balances of Cows 3 and 4 in Period III, 
the loss of Cow 4, in spite of high intake, was in response to a 
general state of metabolism which caused losses of all elements 
studied, except nitrogen and arsenic. This condition was a high 
milk production, 61.36 pounds, on a ration which w^as insufficient 
in amount to support it. 

The largest storage of sodium, 10.2 gm. per day, occurred with 
Cow 7, Period II, in which case we had a combination of high 
sodium intake, low milk production, and lateness (7| months) in 
the period of gestation. 
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Cftlorme. — The three negative balances of chlorine appear to be 
due to the very high chlorine content of the first milk of a fresh 
cow (Cow 3, Period II), to very high milk yield (Cow 4, Period 
III), or to a very laxative diet (Cow 7, Period III). This last cow 
defecated, on an average, 12.4 times per day during the 16 days 
of this collection period. It was doubtful throughout this period 
whether she could be retained in the experiment. 

Potassium , — 13 out of 18 balances of potassium were negative. 
These losses were largely in the urine, the proportion of the total 
•outgo which was in the urine being 67.3 per cent for cows in full 
milk, and 87.9 per cent for cows which were dry or nearly dry. 
These negative balances of potassium were never equal to more 
than a small pait of the amount of the potassium in the urine. 
There was no suggestion, then, of deficient absorption of this 
element. 

The 5 positive balances were all with cows which were dry or 
nearly dr}’-, but not all of the dry or nearly dry cows stored 
potassium. 

The sodium and potassixim balances differed in 6 out of the 18 
cases, there being no marked tendency for these to vary together. 
In these 6 cases the sodium balances were always positive and the 
potassium negative. 

The high urinary outgo, in all cases, including those in which 
the balance was negative, indicates that these losses were not diie 
to actual insufficiency of the intake. We are unable with cer- 
tainty to interpret them. They may possibly be due to unex- 
plained interelemental relationships in metabolism, or to as yet 
undefined periodic fluctuations. 

Calcium , — In this fourth experiment on the same subject we 
have our first positive calcium balance. In this investigation 10 
out of 18 balances are positive. In each of these 10 instances, 
the cows were dry, or nearly dry. All the cows which were dry 
or giving as little as 3.95 pounds of milk per day, and one giving 
9.98 pounds, stored calcium. No others did so. 

All cows in full milk, and one other, lost calcium. The maxi- 
mum loss (Cow 5, Period I) was in a case of general underfeeding, 
the cow representing days 55 to 74 of lactation, and the balances 
all being negative with the exception of chlorine. The second and 
third largest losses were with Cows 4 and 3, Period III, represen- 
ting days 24 to 33, and 30 to 39 of lactation, respectively. 
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In connection with our previous 42 balances, all negative, in 
spite of calcium intake varying from normal to excessive, all of 
the subjects being in full milk, this present evidence is of unmis- 
takable significance and validity. 

In dairy cows of good productive capacity parturition releases 
a flow of calcium in the milk‘ which proceeds to such extent inde- 
pendently of the food supply of calcium that a loss of calcium from 
the body is normal, at least on rations composed of winter feeds, 
either dry or including corn silage, until such time that this im- 
pulse to secrete milk has largely spent itself. From sometime 
after the middle of the period of lactation until she goes dry, and 
while she is dry, she can store calcium from rations of the types 
specified. 

We were unable to prevent loss of calcium, during liberal lacta- 
tion, by the feeding of calcium supplements, and neither was there 
any certain advantage resulting from so doing in any case, that is, 
whether the cows were milldng or were dry. 

In our judgment calcium balances are of very uncertain signifi- 
cance as indicating the stiSiciency of the calcium intake. The 
normal loss of calcium during lactation is undoubtedly due to the 
elimination of calcium in the milk, but the calcium loss is not 
closely in accord with the extent of the outgo by this channel. 
This loss appears rather to be the resultant of several factors, 
among which are the degree of the impulse to secrete milk, the 
power of the cow to digest, absorb, and assimilate calcium, and 
the ability of the cow to draw upon her mineral reserves. 

The calcium and phosphorus balances agreed as to sign (+ or — ) 
in 15 out of the 18 balances, in harmony wdth the obvious fact 
that the associated metabolism of this pair of elements is very 
much greater than their metabolism independent of each other. 

It is worthy of note, and significant, that all of the 10 positive 
calcium balances are associated with positive nitrogen balances,, 
and aU of the 4 negative nitrogen balances are associated with 
negative calcium balances; that is, a state of metabolism involving 
nitrogen storage appears to be a favorable influence as affecting 
calcium retention, but in our earlier work we found that large 
nitrogen retention may occur coincident with calcium loss. 

Magnesium , — 15 out of the 18 balances of magnesium are nega- 
tive, These losses occur mainly through the feces. Of the 3 
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positive magnesium balances all were associated with positive 
balances of both calcium and phosphorus, but there are 6 other 
instances of positive balance of calcium and phosphorus together, 
in which the inagnesiimi balances are negative. 

Thus, magnesimii may be retained, when calcium and phos- 
phorus are also retained, but in this experiment was lost from the 
body more commonly than it was retained, under these conditions. 

Ill 7 out of 10 instances of positive balance of calcium there were 
negative balances of magnesium, but there were no cases of 
magnesium storage associated with calcium loss. These data 
raise the question as to wdiether those conditions which are favor- 
able for calcium retention are to any degree unfavorable for mag- 
nesium storage. 

Phosphorus . — Among the 18 phosphorus balances 11 were posi- 
tive. As usual the metabolism of this element paralleled that of 
calcium; but also, as usual, there were exceptional instances which 
demonstrated their partial independence. 9 of the positive cal- 
cium balances were accompanied by phosphorus balances of the 
same sign. 

1 positive phosphorus balance (Co’w 1, Period I) accompanied 
extensive milk secretion, in harmony with previous observations 
that the conditions necessary for phosphorus storage are more 
readily attainable than those necessary for calcium retention, 
probably by virtue of the more extensive metabolism of phos- 
phorus in tissues other than the skeleton. 

While the intake of phosphorus was in no case less than 25 gm. 
there was normally less than half of a gi’am of phosphorus in the 
urine, though as much as 14.977 gm. of phosphorus were elim- 
inated in the milk, associated with a positive phosphorus bal- 
ance, and 25-328 gm. in a case in which the balance was negative. 

In 3 instances (Cows 3, 4, 7, Period III) the usual amount of 
phosphorus in the urine was much exceeded. With Cows 3 and 4 
this was apparently due to acidosis, caused by the high propor- 
tions of grain in the rations, resulting in relative deficiencies of 
mineral bases. In the case of Cow 7, the subsequent history sug- 
gests that the slight excess of phosphorus in the urine was due to 
functional derangement, the nature of which was not determined. 

Sulfur and Nitrogm . — Of sulfur 7 balances were negative and 
11 positive; and of nitrogen, 4 negative and 14 positive. 3 of 



Forbes, Schulz, Hunt, Winter, and Remler 303 


the 4 negative nitrogen balances were associated with negative 
sulfur balances under circumstances signifying, clearly, under- 
feeding (Cows 2 and 5, Period I, and Cow 3, Period II). 

The sulfur and nitrogen balances were of the same sign in 13 
out of 18 cases. The 3 eases above mentioned, in which both 
sulfur and nitrogen balances were negative, were characterized by 
general mineral insufficiency. The conditions unfavorable to sul- 
fur and nitrogen storage doubtless added an unfavorable influence 
as affecting the retention of the other elements studied. 

The 4 negative sulfur balances which were accompanied b}^ posi- 
tive nitrogen balances signify, at face value, that the nitrogen 
intake was more commonly sufficient for maintenance of equili- 
brium than the sulfur intake. This evidence of independence in 
nitrogen and sulfur metabolism may be due to the facts that some 
nitrogenous structures, hair, for instance, are much richer in sulfur 
than others, and that there was a more rapid growth of hair in 
one cow than in another. 

That the general metabolism of sulfur is organic, and associated 
with nitrogen in protein compounds, is manifest, the sulfate excre- 
tion signifying for the most part, surely, the elimination of a pro- 
tein catabolite. The negative balances of sulfur seem to signify 
an intake insufficient to the demands of body repair, growth of 
the fetus, and milk production. 

Arsefiic . — Our main interest in the metabolism of arsenic was to 
determine if it would be eliminated in significant amounts in the 
milk. The balances of arsenic answer this question in the nega- 
tive. No arsenic was found in the milk, except a trace (0.00004 
gm. per day) in the abnormal lacteal secretion of a cow which 
was virtually dry and was not being regularly milked. During 
the 16 day balance period this cow was milked only four times, as 
the condition of the udder required. 

The amount of arsenic administered was a liberal dosage, 0.287 
gm. of the element per day. So far as our evidence goes, then, the 
above amount of arsenic, fed to a cow, will not be eliminated in 
the milk in determinable amounts, but the fact that arsenic was 
retained in each case suggests that in a long continued use of 
arsenic there might be an accumulation of this element in the 
tissues such as would be eliminated in significant amount in the 
milk; but this is only hypothesis. Experiments covering this 
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point should be conducted. This apparent retention, however, 
may have been in part, at least, an undetermined elimination, as, 
for instance, by the skin. 

Arsenic w^as eliminated in considerable amounts in both urine 
and feces, but, in all cases, in much larger amounts in the feces. 
The urinary outgo varied between 0.05566 and 0.0958 gm., the 
fecal outgo between 0.1022 and 0.1537 gm., and the retention be- 
tween 0.047 and 0.124 gm. These amounts are of the element. 

We see no indication at all that arsenic is effective as a calcium 
tonic, that is, that it is conducive to calcium retention. This does 
not mean, however, that it might not have such an action in 
pathological conditions or in the metabolism of a growing animal. 

Further light on the metabolism of arsenic by cows is furnished 
by the work of Bloemendal,^ and of Harkins and Swain.® 

Bloemendal cited many conflicting statements concerning ar- 
senic metabolism, and reported on experiments of his own. He 
found that cows in a normal, healthy condition did not eliminate 
arsenic in their milk, so long as it was given them in amounts below 
the point of toxicity. However, cows which had been given non- 
toxic doses previous to calving eliminated traces in the milk im- 
mediately after calving. 

Harkins and Swain, showed in connection with a study of 
arsenic poisoning of livestock, as a result of eating forage con- 
taminated by smelter fumes, that in cases of chronic poisoning 
by arsenic this element is unmistakably eliminated in the milk. 

DISCUSSION OF RESULTS. 

The most important addition to our knowledge of the mineral 
metabolism of the milch cow which is contributed by this experi- 
ment is that under the same conditions as to feeding, care, and 
experimental routine which have resulted, in this series of studies, 
in 49 negative balances of calcium during the liberal milk produc- 
tion of the first half of the period of lactation, without one excep- 
tion, the subjects of this last experiment, which covered an entire 
year in the life of the cow, stored calcium as soon as the milk pro- 
duction had decreased to such an extent that the calcium outgo did 

* Bloemendal, W. H., Arch, Pharm., 1908, ccxlvi, 599-616. 

® Harkins, W. D., and Swain, R. E., J, Am. Chem. Soc., 1908, xxx, 915-946. 
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not exceed their capacities to assimilate calcium, and also, in- 
variably, when they had ceased to produce milk. 

The exact point in the sluinkage of the milk flow at w’hich it is 
possible for a cow to store calcium was not determined, but we are 
prepared to learn that this point is much above the production of 
10 pounds of milk per day. 

In the light of the results of our fom' studies on this subject, 
which cover, in a more or less continuous series of observations, the 
whole of the annual cycle of lactation and gestation, we are able 
to depict the calcium metabolism of a year in the life of a produc- 
ing cow in the following terms. 

Parturition turns loose a pent-up flood of nutriment which has 
been stored for the growth of the calf. This outpouring of mineral- 
rich food proceeds in large measure independently of the food sup- 
ply; that is, if the food is sufficient to maintain the -life of the cow 
she will produce milk even though this involves extensive drafts 
upon the tissues of the body. 

This impulse to secrete milk has been greatly intensified by 
selective breeding. We have to do, therefore, not alone with 
nature^s adjustments, but especially with the effects of man^s 
interference with nature by the creation within the cow of an 
impulse to produce very much more milk than does the cow as 
nature made her. 

Now, in intensifying this tendency, we have developed the power 
of the cow to draw upon the nutrient stores which compose her own 
tissues to such an extent that the results are often matters not only 
of practical importance but also of serious concern. 

At some point between the middle and the end of the period 
of lactation, when the impulse to secrete milk has largely spent 
itself, the milk production comes to be more definitely related to 
and dependent upon the feed intake, and falls off, in amount, 
to such extent that retention of calcium, the dominant factor of 
the whole mineral system, comes to prevail. 

In the meantime, under conditions of practice, the cow has been 
bred. The demand of the fetus for mineral substance is slight, in 
the light of the capacity of the cow to metabolize mineral sub- 
stance in the elaboration of milk. True, toward the end of the 
period of gestation the fetus increases greatly its appropriation 
of mineral substance, but this factor remains a minor one in the 
mineral metabolism of the cow. 
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In the unimproved cow lactation ceases when the calf is weaned, 
long before the end of the next period of gestation, hut with many 
cows of improved breeding the milk production may persist up 
to the time of parturition, and the history of cattle breeding em- 
braces accounts of cows which have produced milk for several 
years after birth of a calf. 

The more successful breeders have learned, however, that the 
feeding and management of the highly developed milch cow dur- 
ing the latter part of the period of gestation is a matter of critical 
importance, and it is in this connection that the results of this 
experiment are of greatest interest. 

Our findings and tlie most successful practice both indicate that 
a cow must have a dry, resting period of sufficient length to permit 
the entire replacement of the preceding mineral overdraft, if the 
vitality, fecundity, and productiveness of the cow are to remain 
unimpaired; and to this end it is desirable that the dry cow be 
fed as liberally as practicable, without undue risk of milk-fever 
subsequent to the following parturition. 

We have encountered, among practical dairyman, a belief that 
certain feeds stimulate milk secretion to an extent which they 
are inadequate to sustain. Alfalfa hay is said to have such a 
tendency. This may possibly be true in the sense that if the 
alfalfa is consumed liberally and is not accompanied by adequate 
amounts of carbohydrate nutriment its proteins may stimulate 
the cow to produce milk at the expense of a draft upon the body 
fat. Thus, the more liberal the feeding of alfalfa hay the heavier 
might be the milk production, with increasing emaciation of the 
cow. 

A possible instance of such a situation is to be seen in the per- 
formance of Cows 3 and 4, Period III (see data below). Refer- 
ence to Table VII, page 294, will show that these cows stored small 
amounts of nitrogen, but that the mineral balances were iiearl}^ all 
negative; and reference to Table III, page 287, shows that both 
cows were losing in weight. At the same time the milk production 
of Cow 3 increased continuously, wffiile Cow 4 increased to her 
maximum and then began to recede. These balances covered days 
of lactation 30 to 39, and 24 to 33, respectively. It is conceivable 
that the nitrogenous components of the ration exerted an activa- 
ting or stimulating influence as affecting milk yield. 
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Daily Milk Yield of Coias 3 and 4 Period III. 


Date. 

Cow 3. 

Cow 4. 


gm. 

gm. 

Mar. 23 

23,755 

26, 960 

u 24 

24, 529 

27,627 

“ 25 

24,312 

27, 745 

“ 26 

24,073 

28, 525 

“ 27 

24,330 

27,890 

“ 28 

24,944 

27,894 

» 29 

24,975 

28,820 

“ 30 

25,284 

27,873 

“ 31 

25,279 

27,554 

Apr. 1 

25,597 

27,441 


Meigs, Blatherw’ick, and Cary‘S after discussing our previous 
results in connection with like data announced the conclusion that 

“The separate collection of urine and feces by attendants, as practiced 
in balance experiments on cows, produces a nervous disturbance in the 
animals which interferes markedly with the assimilation of calcium, and, 
to a less degree, with that of nitrogen and phosphorus.” 

We understand that the gains and losses of calcium and other 
mineral elements could not prevail indefinitely in the same relative 
amounts, one to another, as observed in some instances in this 
investigation ; and also that the retention of calcium by cows under 
conditions of practice must be more extensive than as observed 
in our experiments, but we hesitate to ascribe these conditions to 
the cause assumed by IMeigs and associates since we are wdtliout 
evidence as to the effect of any specific nervous influence, of the 
sort suggested, on calcium metabolism, and since there was no 
evidence of nervous disturbance in our experimental subjects. 

Hart and associates^ have showm that laetating goats made 
more efficient utilization of the calcium of the ration when the 
roughage w^as fresh, green oat plant than wdien it was dry oat 
straw, the balances of calcium, however, remaining negative. 

® Meigs, E. B., Blatherwick, N. B., and Cary, C. A., /. Biol. Chmi.y 
1919, xl, 469. 

^ Hart, E. B., Steenbock, H., and Hoppert, C. A., J. Biol. Chem., 1921, 
xlviii, Science j 1920, lii, 318, 
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The senior author of this paper has reported observations^ on a 
group of cows at the Ohio Agricultural Experiment Station, which 
have an important bearing on the subject of calcium metabolism. 

Since the 3"ear 1911 this group of cows has been maintained on 
dry feeds alone, under the management of Mr. C. C. Hayden. 
Several of these individuals were born and raised to maturit}' 
without having had a bite of green feed. Quoting from our 
published observations on these dry-fed cows : 

‘This group of cows has grown to normal weights, and has produced 
and reared calves without marked or certain irregularity or abnormality. 
The milk production has been fair only, it being obvious that with normal 
treatment these cows would have given more milk. They do not have 
normally keen appetites, and some are easily forced off feed. They will 
not eat enough to support maximum milk production. They fall away 
during lactation a little more than is customary, but pick up again after 
going dry. These cows have been in noticeably less thrifty condition, as 
indicated by flesh and coats, than the balance of the herd, which goes 
to pasture, and it has been apparent that they crave something which they 
do not find in the ration. 

^'It appears, therefore, that the suggestion of Hart and associates is a 
matter of practical importance as relating to milk production, but that 
rations of dry feeds and silage, though probably deficient in some constit- 
uent, are not entirely lacking in any essential.^’ 

They ate steamed bone with avidity, which suggests that they 
may have been in a state of mineral depletion. 

In the light of the work of Hart, with goats, and oiu observa;- 
tions on the group of dry-fed cows at the Ohio Station, it seems 
to us likely that shortage of pasture, and, therefore, of the ‘Tresh- 
grass vitamine/’ rather than shortage of calcium and phosphorus, 
is the factor accountable for the unusual annual decrease in the 
yield of the cows of the main herd at the Beltsville Farm of the 
Department of Agriculture, as reported on by Meigs and Wood- 
ward.^ These cow^s are said to have “little or no pasture.^ ^ Their 
response to phosphate feeding, and to a prolonged dry period, 
seems phenomenal. It appears that these cows are comparable, 
in condition, to the dry-fed group at the Ohio Station, and that the 
conclusions of Meigs and Woodw'ard as to the efficacy of feeding 
sodium phosphate, and the alternate feeding of grain and forage, 

® Forbes, E. B., Science, 1920, Hi, 467-468. 

» Meigs, E. B., and Woodward, T. E., C/. S. Dept. Agric., Bull. 94S, 1921. 
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on separate da3’'s, apply rather to cows which are suffering from 
lack of pasture than to cows in general. 

The difference between winter roughage and green forage; then, 
in the light of our present incomplete understanding, seems to be 
a secondary factor in the complex which causes fresh cows on 
winter rations to draw on their mineral reserves for calcium, the 
most important causes being the exaggerated impulse of the im- 
proved cow to secrete milk, and her limited ability to assimilate 
calcium. The ultimate cause of this limited ability to assimilate 
calcium has not been determined. 

As indicating the possibilities of calcium storage, on dry winter 
rations without silage, we cite the case of Cow 4, Period II, page 
292. This dr}' cow stored 14 gm. of calcium per day. The maxi- 
mum amount of calciiun eliminated in the milk, in this experiment, 
wdth this same cow, in Period III, after calving, was 29.4 gm., the 
cow producing 61.36 pounds of milk, with a negative balance of 
12.3 gm. of calcium, the apparent assimilation of calcium from the 
ration being 17.1 gm. 

The possibilities of calcimn retention, and calcium utilization 
in the elaboration of milk, theref ore, appear to be of similar magni- 
tude. The storage in the first case exceeded the negative balance 
in the second. It would appear, then, that a dry cow. can store 
calcium at a rate .not unlike that at which she is apt to lose during 
heavy milk production on a good ration; in fact the brevity of the 
dry period suggests that under conditions of practice cows must 
store calcium much more rapidly, and earlier in the period of 
lactation, than we have as yet observed. 

Two facts wdth reference to the utilization of calcium by the 
cow stand out with great prominence, first that the cow^s ability 
to assimilate calcium from winter rations, either with or without 
the addition of organic or inorganic supplements, is more definitely 
limited (at least under experimental conditions), than is its ability 
to assimilate other nutrients; and second, that the freedom with 
which cows can draw upon the calcium of their own bones, and the 
extent of this draft in cases in which it is necessary, shows that, at 
least above a certain amount, the calcium of the skeleton is more 
readily available than is that of winter rations and calcium sup- 
plements fed in the usual way. 
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In regard to this whole matter of negative calcium balances in 
milking cows, this situation is perhaps a little more readily iiiider- 
staiidable if considered as related to the localized withdrawal of 
mineral salts from bone during pregnancju The main facts as to 
this phenomenon are understood in connection with human pliy- 
siolog}^ in wiiich the bone dissolution sometimes involves the 
teeth; and, in rare instances, the mineral disorganization proceeds 
even to the production of osteomalacia, wiiich has been regarded, 
in this connection, as an uncontrolled accentuation of the normal 
osteoclastic changes of pregnancy. 

In such an investigation as this wiiich we discuss, one is puzzled 
by the appearance of negative balances w’^hich cannot possibly 
signify insufficiency in the supply of the nutrients in question. It 
is obvious that negative balances do not always have the same 
signification. In regard to these negative balances we suggest the 
following possibilities:' 

Negative balances may be due to deficiency in the supply of 
the nutrient; they may also be determined by negative balances 
of other elements or compounds, organic or inorganic (including 
vitamines), which are necessai’y to the utilization of the element 
in question; they may be periodic fluctuations, connected with the 
reproductive cycle, which would be revealed as such by the ac- 
counting for the nutrient in question during the wiiole of this 
period, the causes, therefore, lying entirely outside the ration; 
they may be fluctuations in extensive reserves, especially of the 
more highly mobile elements, in response to physiological antag- 
onism, or ^ 'oppositeness” of function, in cases where excessive 
intake is to be disposed of, or where unusually extensive utiliza- 
tion involves abundant transfers; they may be due to inherited 
demands for the mobilization of greater amounts of a nutrient 
than the organism is able to digest or to assimilate, as in milk 
production, thus demanding drafts upon the reserves of the body. 

The interpretation of a negative balance, then, may be a matter 
of some uncertainty, presenting opportunity for the exercise of 
judgment and the possibility of error. 

Practical Bearings , — The practical significance of this subject of 
the mineral metabolism of the cow lies in the fact that milk pro- 
duction, on winter rations, involves considerable drafts upon the 
mineral substance of the skeleton. 
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As previously suggested (page 281), there are in connection with 
the behavior of cows a number of situations in which this mineral 
depletion may play a significant role. 

Meigs and Woodward® have reported detailed observations on 
the behavior of cows, in this relation, which are of great interest 
and value. Whatever the extent of the part played by mineral 
depletion in the production of these states of functional derange- 
ment it is obvious that the maintenance of maximum productive 
activity requires that the mineral overdrafts occuiTiiig during the 
early part of the period of lactation must be repaid. 

This restoration of mineral reserves occurs during the later 
part of the period of lactation, and especially during the dry 
period, and reciuires that the ration be at least moderately rich in 
mineral nutrients, especially calcium and phosphorus. 

The advantage to be derived from the feeding of mineral supple- 
ments seems to us doubtful, but it is so easy to provide minerals in 
this form that the possibilities of benefit from so doing should be 
thoroughly investigated, under conditions of practice, not only 
during winter feeding but also during the season of pasturing. 

The results of this investigation emphasize the necessity of a 
dry, resting period. The feeding during this time should be suf- 
ficiently liberal to permit the building up of extensive reserves of 
nutriment which shall protect the vitality of the cow and permit 
the full expression of her capacity to produce milk during the fol- 
lowing period of lactation. 

Provisionally we recommend, in harmony with the suggestions 
of Meigs and Woodward, liberal feeding during a dry period of 4 to 
6 weeks for cows in a normal state of nutrition, and 8 weeks or 
more for cows in a state of depletion; also that during this period 
cows should be fed two to three times the amount of total nutri- 
ment and three to four times the amount of protein necessary for 
maintenance. 

The primary opportunity for building up the nutrient reserves 
of the cow is during the growth of the heifer. Dairymen have 
debated the question as to the wisdom of liberal feeding during 
this period, with the preponderance of sentiment in the affirmative. 
The facts as to the mineral metabolism of the cow suggest the 
great desirability of making the most of the storage or construc- 
tive possibilities of the animal at this time. 
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A question raised by this investigation and Hart^s observations 
on milch goats is as to the ability of a cow, in full milk flow, to 
maintain calcium equilibrium during the improved conditions for 
calcium utilization which prevail while she receives green feed. 
We anticipate an affirmative answer to this question, at least for 
cows of moderate productive capacity. 

The results of this investigation apply, in a practical way, more 
to the dry-fed cow than to the cow at pasture, and more to matters 
of management and feeding together than to feeding alone. 

As for the bearing of this investigation on the feeding of cows 
suffering from actual mineral shortage in the ration, the facts, as 
we have demonstrated them, emphasize the seriousness of such a 
shortage, but, unfortunately, we have little evidence as to the 
conditions under which such actual shortage prevails. By infor- 
mal observation we understand that deficient supplies of minerals 
in the rations of cattle do prevail during certain more or less un- 
usual conditions as to components of the ration and as to soil and 
season, but this knowledge is indefinite, and does not tell us what 
we need most to know, that is, whether rations of grain and 
gramineous roughage can supply the full requirement of the cow 
for minerals, or whether a certain proportion of leguminous rough- 
age is necessary for best results. The final clarification of these 
points will require metabolism investigations with green forage of 
gramineous and also of leguminous origin. 

Other practical bearings, suggested in our reports on the earlier 
experiments of this series, are that our chief concern in feeding 
practice is not so much to avoid definitely pathological conditions 
as to attain the maximum of efficiency, and that in the exigencies 
of practice, the slight losses of minerals observed while feeding the 
high-class rations of our experimental work may be magnified, by 
unfavorable ration conditions, into considerations of importance. 

It is further suggested that the skeletal development is de- 
pendent on the forage, since grains are very deficient in calcium; 
that the mineral content of the forage varies widely in accord with 
the natural composition or artificial fertilization of the soil; that 
there are seasonal effects on the mineral nutrients of the forage; 
that food shortage, deficiency of mineral nutrients in the forage, 
and other hardships, may react unfavorably on the mineral nut- 
trient reserves, in this way becoming contributory causes of 
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sterility, abortion, and malnutrition of the bones; and, finally the 
specific bearings of the whole subject on general farm practice, 
especially as favoring the production of legumes, are pointed out. 

In our experimental work the calcium balances have been de- 
termined by the functional activity of the cow rather than by the 
nature of the calcium compounds offered in the ration. No basis 
was developed for the preference of Pne calciimi supplement to 
another. On presumptive evidence alone, then, we suggest, for 
practical experimental purposes, the feeding of calcium phosphate 
in the form of steamed bone. 

Steamed bone intended for feeding purposes should be promptly 
dried, and specially handled in a way to make it safe and accep- 
table; and, to facilitate its solution in the digestive secretions, it 
should be finely ground, preferably through a 20 mesh screen. 
Cows will eat fertilizer bone, but, in consideration of the methods 
by which it is ordinarity produced and handled, we do not recom- 
mend it as a feedingstuff . 

Cattle will take steamed bone readily, either mixed with the 
feed, or offered at free will mixed with one-fourth as much common 
salt. From 2 to 6 ounces per day appear to be reasonable amounts 
to feed. 

We have not tested the ideas of Meigs and associates that 
sodium phosphate is a more effective mineral supplement than 
calcium phosphate, and that the alternate feeding of grain and 
roughage on separate days (the phosphate being fed with the 
grain) is especially conducive to calcium and phosphorus retention, 
but we have shown that, under the conditions of a metabolism 
investigation, a dry cow stored as much as 14 gm. of calcium per 
day without the provision of sodium phosphate or the practice 
of the system of alternate feeding. 

SUMMAEY. 

The calcium metabolism of the milch cow, while fed on winter 
feeds, is characterized by rapid loss from the body during the early 
part of the period of lactation, changing to retention late in the 
period of lactation, by continued retention during the dry period, 
with most rapid storage at the end of the period of gestation. 

The principal factors determining the loss of calcium during the 
early part of the period of lactation are the impulse to secrete 
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milk, as accentuated by selective breeding, and a limited ability to 
assimilate ealciimi. 

In the course of this investigation there were 49 negative calcium 
balances during liberal milk production, without one exception. 
The largest milk production with w'hich there was calcium reten- 
tion was 9.98 pounds. It is considered likely that calcium reten- 
tion can occur during more ‘extensive milk production. 

The dry cow, on dry feeds, can store calcium at a rate at least 
equal to that at which the fresh cow, on dry feeds, loses calcium. 

The loss of calcium from the body appears to be a prominent 
factor in the nutritive depletion and the functional derangement 
of the overtaxed milch cow. 

The ability of a cow to assimilate calcium is much more defi- 
nitely limited than her ability to assimilate nitrogen. 

The calcium of the bones is more readily available, for purposes 
of milk elaboration, than the calcium of the ration and of mineral 
supplements. 

It is not clear that supplemental calcium is utilized, either dur- 
ing lactation or during the dry period. 

There was no evidence of a tonic effect of Fowler’s solution in 
relation to calcium or other mineral retention. 

A marked but not complete interdependence of calcium and 
phosphorus in metabolism wus manifest. Phosphorus may be 
stored during liberal milk production ; calcium seems never to be 
stored under these conditions, at least on winter rations. 

A positive nitrogen balance probably favors calcium retention 
to a slight extent, but the measure of independence existing in 
the metabolism of nitrogen and the mineral elements is prominent. 

There is a considerable but not complete interdependence of 
nitrogen and sulfur in metabolism. 

The average apparent digestibility of the protein of the experi- 
mental rations wus 66.23 per cent; of the nitrogen-free extract, 
78.64 per cent; of the ether extract, 65.02 per cent; and of the crude 
fiber, 36.33 per cent. 

The proportionate elimination of minerals by urine and feces 
bears no definite relation to mineral balances. Many negative 
mineral balances were determined which could not signify insuf- 
ficient intake. 
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Five possible interpretations of the significance of negative 
balances of mineral elements are suggested (page 310). 

The composition of milk including the colostrum suggests that 
its laxative character is due to ph^^siological “salt action.” 

The milk of the cow was found not to contain arsenic, during 
the administration of 0.287 gm: of the element per day, in the 
. form of Fowler^s solution. 

The milk toward the end of the period of lactation was found to 
differ from that of the middle of this period by being richer in 
nitrogen and in all of the minerals except potassium, which was 
distinctl}^ low. Sodium and chlorine were in greatest excess. 

Calcium was eliminated in the urine in the. smallest amount by 
the freshest cows. 

Chlorine excretion in the urine was low in the milking cows and 
high in the dry cows. 

A high proportion of grain in the ration produced a- marked 
increase in the urinary outgo of phosphorus, apparent!}' as an 
expression of acidosis. 

The physiological antagonism of sodiimi and potassium, and 
of calcium and magnesium, is not discernible in the metabolism of 
practical rations and the considerable variety of mineral supple- 
ments used in this investigation (including the three previous 
studies). 

The results of this investigation suggest the desirability of 
building up extensive mineral reserves in growing heifers by 
liberal allowance of feeds rich in mineral nutrients, and also the 
importance of a dry, resting period of adequate length to permit 
the restoration of all previous nutrient overdrafts, with liberal 
feeding during this period. 
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Uric acid, although one of the earliest isolated products of 
metabolism, has offered numerous difficulties for quantitative 
estimation. Of the older methods, that of Salkowski (1) gave 
the most reliable results. But, until Folin and Denis (2) in 
1913, by painstaking research, developed a colorimetric deter- 
mination, no method was available for estimating, even with 
relative accuracy, such small concentrations of uric acid as 
occurred in the blood. In their original method acetic acid was 
used to coagulate the proteins and the uric acid precipitated by 
means of silver lactate magnesia mixtm*e. The silver urate so 
precipitated was decomposed with hydrogen sulfide water and 
the uric acid read colorimetrically from the blue color produced 
by the reduction in alkaline solution of a specially prepared phos- 
photungstic acid reagent. The recovery of uric acid by this 
procedure, according to Folin^s data, averaged about 94 per cent. 
In 1914 Steinitz (3) carried out a detailed study of the Folin 
method, but made only very minor alterations in the procedure. 
His recoveries were not nearly as good as those of Folin, only 
averaging 80 per cent. The next improvement was that of 
Benedict (4) in 1915, who employed a double protein precipi- 
tation, using first acetic acid and colloidal iron. This procedure 
furnished a protein-free filtrate which matched the color of the 
standard very closely. Benedict and Hitchcock (5) also elimi- 
nated the use of hydrogen sulfide water, dissolving the silver 
urate precipitate with potassium cyanide. As to the actual 
amount of uric acid recovered no data are presented, merely the 
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statement that ‘'"results obtained for the most part closely parallel 
those obtained by the Folin-Denis method.” Landinanii (6) 
using Benedict’s modified procedlu'e reports about an 85 per 
cent recovery, while Chace and Myers (7) report a recovery of 
about 88 per cent. 

These methods, although more rapid and accurate than any 
hitherto in existence, are rather tedious and required for 
maximum efficiency at least 20 cc. of blood. There were no 
marked changes in the procedure until 1919 when Folin and 
Wu’s (8) “System of blood analysis” was published. In that 
paper is included a rapid method of uric acid determination on 
a very small quantity of blood (4 to 5 cc.). The new features 
are the novel protein precipitant, tungstic acid, and the decom- 
position of the silver urate precipitate by means of dilute hydro- 
chloric acid solution. Also the long tedious evaporation of the 
earlier method is avoided. This new procedure is used now in 
a large number of clinical laboratories throughout the country, 
but as- far as the writer is aware, a detailed test as to its limits 
of accuracy have not been reported by other investigators. 
Furthermore, the original paper, being compressed b}^ the wealth 
of material covered, obscures details of technique the importance 
of which can only be realizsed and appreciated by a careful study 
of the process. 

Finally, it must be remembered that it is not justifiable to apply 
an analytical procedure to all sorts of varying conditions as blood 
analysis represents, without knowing accurately under what 
conditions the method is quantitative and what variables influence 
its accuracy. After all, analytical methods are only carefully 
controlled chemical processes which ' must regularly produce 
yields as near to 100 per cent as possible, and we must know 
within a few per cent how consistent and what is the average 
variation of that yield. With this general view-point in mind 
the following experimental data were collected. - 

EXPEEIMENTAL PABT. 

Method of Analysis Employed , — The directions outlined by 
Folin and Wu (8), of which a brief digest is given below, were 
followed as closely as possible. 
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5 cc. of whole blood are hemolyzed with 35 cc. of water and 
the proteins precipitated with 10 cc. of the tungstic acid reagents 
(5 cc. of 10 per cent sodium tungstate and 5 cc. of | n sulfuric 
acid). To 20 cc. of the filtrate are then added 4 cc. of a solution 
of 5 per cent silver lactate in 5 per cent lactic acid and the suspen- 
sion is centrifuged. The clear supernatant liquid is poured off 
and the precipitated silver urate admixed with other silver salts 
decomposed with 10 per cent sodimn chloride in 0.1 n hydro- 
chloric acid. The mixture is again centrifuged and the clear 
fluid poured into a 25 cc. volumetric flask, any suspended silver 
chloride being dissolved by a little sodium cyanide. An excess 
of sodium carbonate (20 per cent) and the uric acid reagent ai^e 
then added, the solution is made up to volume with distilled 
w’’ater and read against the color developed by 1 cc. of the standard 
uric acid (0.1 mg. per cc.) diluted to 50 cc. 

Reagents . — The Amrious reagents w'^ere prepared according to 
Folin and Wifls (8) directions. In all cases c. p. grades of chemi- 
cals were chosen and all solutions analyzed before using. Percent- 
age by weight w^as employed and the solutions were within less 
than 3 per cent of the concentrations designated by Folin. 

Uric Acid Standard . — The uric acid was dissolved in a 0.4 per 
cent lithium carbonate solution and preserved with sodium 
sulfite. Considerable difficulty has been encountered, contrary 
to Folin’s statement that in “unopened bottles w^e expect the 
uric acid to keep for many years.^^ While at times the standard 
solution has been stable over periods of 3 months, several bottles 
have decomposed in less than 24 hours. This sudden decompo- 
sition is probably due to bacterial infection since almost quanti- 
tative (90 to 95 per cent) conversion into urea had taken place. 
The same sample of uric acid was used throughout this work so 
as to obtain accm'ate relative data. Investigations are in progress 
on the effect of the purity of uric acid on its stability in dilute 
solution as well as to the extent with which the other commonly 
occurring purines and pyrimidines are evaluated in the uric acid 
method. 

Apparatus.— A Duboscq colorimeter w^as used. All readings 
were made in a dark room with artificial illumination. The 
operator remained in the dark at least 2 to 3 minutes before 
readings were taken and the colorimeter was tested at the begin- 
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ning and end of each series for equal brightness of field. The 
color to be read is a very pure blue, and, as regards the human 
eye, at a very unsensitive part of the spectrum. Hence, although 
with practice, accurate readings can be obtained in daylight, 
nevertheless, the dark room affords much more consistent results. 
Each reading must be made rapidly since the eye becomes fatigued 
in a few seconds. Occasionally a yellow glass over the eye-piece 
has been found to be very restful, identical readings being 
obtained, remembering that it is intensity and not shades of the 
fields that is being compared. The final accepted reading was 
the average of six to ten successive ones. A greater accuracy than 
3 per cent could not be expected from the instrument employed. 

All pipettes used were calibrated for delivery and the same 
series of freshly calibrated volumetric flasks used throughout 
these experiments. This assured constant relative data. 

Variable Studies. 

Relation between Depth of Color and the Uric Acid Present * — 
The primary assumption in any colorimetric method of analysis 
employing an instrument with adjustable cells is that the varia- 
tion in scale reading {i. e. amount of light absorbed by different 
depths of the colored solution) is inversely proportional to the 
amount of color-producing substance present in solution. This 
assumption is not always true and frequently correction curves 
have to be plotted. In fact, Steinitz (3), in studying the Folin and 
Denis (2) uric acid procedure, applied correction curves to their 
values, but both the early and later publications of Folin and his 
coworkers assume that this is not necessary, although no direct 
experimental figures are presented. To evaluate the magnitude 
of this possible error the data tabulated below were collected. 

60 to 100 mg. of uric acid were weighed in a small beaker, 
dissolved in 10 to 15 cc. of 0.4 per cent lithium carbonate solution, 
and made up to 1 liter. 2 cc. of this solution were read directly 
without the precipitation of the silver salt. Table I summarizes 
the results obtained. 

These data clearly demonstrate that, within the limits of the 
colorimeter (2 to 3 per cent), the concentration of uricacid can 
be calculated directly from the observed colorimetric readings. 
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Conditions for the Quantitative Precipitation of Uric Acid . — 
Since in most instances it is impracticable to determine uric acid 
by direct reading of a solution due to interfering compounds, 
some method of separation must be chosen. The precipitation 
of silver urate has been adopted as the simplest and most efficacious 
method, but nowhere are clearly outlined the limiting conditions 
under which this salt is precipitated quantitatively. All the 
early investigators precipitated the uric acid in an ammoniacal 
solution in the presence of ammonium chloride or magnesium 
sulfate. Each investigator varying the concentration of ammonia 


TABLE I. 

Relation hetiveen Colorimeter Reading and Uric Acid Present. 


Dat«. 

Uric acid added per 100 cc. 

Uric acid found per 100 cc. 

im 

mg. 

mg. 

Aug. 

25 

6 

5.9 

a 

26 

10 

9.0 

It 

26 

10 

10.4 

it 

26 

10 

11.0 

u 

26 

10 

10.0 

Sept. 

,23 

7 

6.8 

it 

29 

1 7 

6.7 

it 

29 

7 

7.0 

it 

30 

- 7 

6.9 

Oct. 

1 

7 

6.9 

im 



Jan. 

2 1 

2 

2.0 

it 

4 

2 

1.9 

it 

6 

3 

2.8 


and magnesia mixture. That these were far from quantitative 
conditions is shown by the statement of Folin that by the Sal- 
kowski method of precipitation (magnesia mixture and silver 
lactate) a 50 per cent loss is encountered, when 0.1 mg. of uric 
acid is precipitated from 10 cc. of solution. Folin and Wu 
employed a non-ammoniacal solution for the precipitation of 
uric acid, their blood filtrates being almost neutral' 

Experiments showed that a solution for the quantitative precip- 
itation of uric acid must be neutral (litmus or brilliant yellow 
papers as indicators) before the addition of the silver lactate 
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reagent. In fact it is safer to have the solution slightly alkaline 
with aiiiiiionia (just red to brilliant yellow paper) than faintly acid. 
A greater excess than 0.2 cc. of concentrated ammonia in 25 cc. 
of filtrate should be avoided and under no condition should the 
solution be alkaline after the addition of the silver lactate reagent. 
The great sensitivity of the silver urate to mineral acids is shown 
by the fact that from 25 cc. of a n/ 57 sulfuric acid solution only 
16 to 20 per cent of the added uric acid could be recovered. 
Fortunately, howeveXj the solubility of silver urate is not appre- 
ciably affected by relatively high concentrations of lactic acid, 
and the addition of 4 to 5 cc. of a 5 per cent solution has no effect. 

TABLE II. 


Recovery of Uric Acid in Neutral Solutions. 


Date. 

Uric acid present | 
jier 100 cc. 

Uric acid found per 
100 cc. 

Recovery. 

ion 

W.Q. 

mg. 

per cent 

Sept. 

30 

6.8 

6.6 

97 

a 

30 

6.8 

6.6‘ . 

97 

it 

30 

6.8 

7,0 

103 

Oet. 

1 

6.8 

6.7 

98 

a . 

1 

6.8 

6.6 

97 

a 

1 

6.8 

6.7 

9S 

u 

1 

6.8 

6.7 

' 98 

1922 




Feb. 

4 

2.0 

2.0 

100 

u 

5 

1 2.0 

i 

1.9 

95 


To prove that a cpiantitative recovery of uric acid under the 
above mentioned conditions was consistently. possible, one sample 
of a pure uric acid solution was read directly while another 2 cc. 
portion of the same solution after the addition of 4 cc; of the 
tungstic acid reagent (to parallel the conditions of the blood 
filtrate) was neutralized with ammonia and precipitated with 
3 cc. of silver lactate reagent. The efficiency of the process is 
cleaiiy outlined in Table II. 

It will be observed that with large as well as small amounts of 
uric acid there is a very satisfactory recovery of uric acid. 
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Effect of Temperature on the Precipitation of Uric Acid in 
Neutral Solutions. 

The precipitation is complete at ordinary room temperatures 
and no special precautions need be taken to cool the solution 
below 26°C. 

Time Necessary for Complete Precipitation, — ;If the silver lactate 
is added slowly with stirring, the coagulation and precipitation 
ai’e complete in from 7 to 10 minutes. Precipitat'-ion is complete 
when the precipitate has settled spontaneously and the super- 
natant liquid possesses only a faint opalescence. From 2 to 3 
minutes eentrifiiging gives a \vater-white filtrate. 

Volume in Which Precipitation Is Made.- — The volume of the 
solution precipitated was 20 to 28 cc. and all data apply only 
within these limits. 


TABLE III. 

Effect of Temperature . 


Date. 

Boom temperature 
26®C. 

0-5“C. 

Recovery. 

mm 

^ng. per 100 cc. 

rn/j. per 100 cc. 

per cent 

Sept. 30 

6.6 

6.6 

97 


Effect of Coagulation of Blood Proteins by Tungstic Acid on the 
Recovery of Uric Acid. — This phase of the problem can now be 
considered since the previous experiments have demonstrated 
that Uric acid can be recovered quantitatively from a solution, if 
properly precipitated. Any loss that occurs must therefore in- 
volve the coagulated protein. In the earlier method the ab- 
sorption of uric acid by the protein precipitate was practi(‘ally 
negligible, due to the hot filtration, thorough washing, and the 
large amount of sample used. However, in the new procedure 
no washing of the protein precipitate occurs and, due to the 
small sample of blood (4 to 5 cc.), even a small retention by the 
precipitate w^oiild introduce a tremendous , error. In fact, upon 
this factor now hinges the final success of the analytical pro- 
cedure as applied to blood. Folin (8) only states that large 
traces of uric acid are not carried down with the blood proteins 
during the coagulation process, but again no figures are avail- 
able as to the amount of acid recovered. 

THE JOURNAL OF BlOLOUICAL CHEMISTBT;, VOL. LIl, NO. 1 
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To settle) this point sheep blood was chosen since it contains a 
negligil 3 le quantity (9) of uric acid (about 0.05 ing. per 100 cc.). 
To 5 cc. of sheep blood was added a ineasiired amount of iiriq 
add solution, the value of which was.dcternimcd by direct reading 
in the colorimeter. The solution of sheep blood and uric acid 
was treated exactly according to Folin’s directions, as outlined 
in the first part of the experimental part of this paper. For 
each series of deternimalioiis a 5 cc. sample of sheep blood was 
also analyzed to see that no uric acid was obtained from that 

TABLE IV. 


Recovery of Uric Acid by Folvida Procedure. 


! 

Date. , 1 

Uric acid present per 
100 cc. of blood. 

Uric acid found per 
100 ec. of blood. 

Recovery. 

urn 

1 

mg. 

mg. 

per cent 

Oct. 

7 

11 

8.6 

78 

a 

7 

11 

9.0 

80 

«< 

12 

10 

7.3 

73 

tt 

18 

6.6 

4.7 

71 

a 

18 

6.6 

4.9 

74 

u 

18 

6.6 

5.0 

70 

<e 

IS 

6.6 

5.1 

78 

mu 1 




Feb. 

4 

2.0 

1.0 

80 


4 

2.0 

1.7 

85 

it 

5 

2.0 

' 1.5 

75 

it 

5 

2.0 

1.5 

75 

a 

5 

2.0 

1.4 

70 

it 

6 

2.0 

1.6 

80 

ti 

6 

2.7 

2.1 

76 

Average 

77 



source. Also from time to time the original uric acid solution 
was precipitated in the absence of the blood. The values so 
obtained checked the direct reading within 2 to 3 per cent. The 
results are tabulated in Table IV. 

These data indicate that in Folin and Wu’s procedure a 20 to 
25 per cent loss of mic acid occui-s. This loss is practically 
constant if experimental conditions are duplicated each time, 
and must be due to absorption of mechanical retention by the 
coagulation and protein precipitation. These data also confirm 
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Folin^s statement that a relatively large loss of uric acid does not 
occur and from the present clinical significance of the determina- 
tion might be neglected, but from the standpoint of a quanti- 
tative method of analysis it is not justifiable if there is any means 
of increasing the yield. A simple modification of the uric acid 
procedure for this purpose will soon be communicated in the fol- 
lowing paper. 

In connection with Table IV criticisms have been made that 
this loss of uric acid may be due to three causes; (a) Addition of 
large amounts of uric acid (three times normal in the first part of 
the table), and that with a normal amount of uric acid quanti- 
tative results can be obtained, (h) That the sodium tungstate 
and sulfuric acid were not properly adjusted, (c) That the blood 
contained too much sodium oxalate. 

On the basis of available literature Folin and Wu do not in 
any way emphasize the idea that their method is only for uric 
acid within the* normal range (1 to 3 mg.). In fact the contrary 
is to be inferred from the following statements '^As a working 
principle or guide in this search we have first of all required that 
the procedure employed must permit the quantitative recovery 
of at least 10 mg. of uric acid and creatinine when added to 100 
cc. of sheep, beef, or chicken blood . . And again ^'As 
much as 20 mg. of uric acid may be added to 100 cc. of blood 
without incurring any loss by absorption.^^ However, to ascertain 
definitely if a small amount of uric acid could be recovered more 
satisfactorily the latter half of the data in Table IV was collected. 
In no case could a quantitative recovery be observed although 
the average recovery is slightly better than with the larger quan- 
tities of uric acid. The final conclusion still stands that in the 
method outlined by Folin and Wu there is an appreciable loss 
of uric acid decreasing slightly when small amounts of uric acid 
ai’e present. 

The necessity of the careful adjustment of sodium tungstate 
and sulfuric acid was realized. If these solutions are not equiv- 
alent within very narrow limits extremely erratic results may be 
obtained. The results of the study on the adjustment of the 
protein precipitant will be reported in a future communication. 

^ Folin and Wu (8), p. 82. 

® Folin and Wu (8), p. 83. 
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The data presented in Table IV were obtained from blood filtrates 
having a normality of n/300 to n/500 (Folin’s blood filtrates are 
reported as about n/500). 

The effect of sodium oxalate was eliminated in these experiments 
since fresh defibrinated sheep blood was used. No oxalate at 
all was present. In human blood, a neutral, dehydrated sodium 
oxalate was employed. The amount was weighed on an ana- 
lytical balance so as to avoid an excess. 

Recovery of Uric Acid Using Trichloroacetic Add . — In reviewing 
the literature on uric acid it seems strange that no investigations 
were recorded employing trichloroacetic acid as the protein 
precipitant. The investigation of this would be of pertinent 
interest since this reagent is used so frequentty, and, till tungstic 
acid was introduced, was the standard for protein nitrogen 
determinations. 


TABLE V. 

Recovery of Uric Acid Using Trichloroacetic Acid. 


Date. 

Uric acid present per 
100 cc. 

Uric acid found per 
lOO cc. 

Recovery. 

192i 

mg. 

mg. 

per cent 

Nov. 1 

5.9 

2.8 

48 

.. 1 

5.9 

3.1 

52 

4 

6.7 

4.4 

66 


5 cc. of sheep blood containing known amounts of uric acid 
were hemolyzed with 15 cc. of water and 20 cc. of a 5 per cent 
solution of trichloroacetic acid added and then 10 cc. more distilled 
water, giving, as in Folin^s method, a total volume of 50 cc. After 
shaking and standing for 5 to 10 minutes the mixture was filtered 
and 20 cc. of the clear filtrate were neutralized with amiiionia 
and the uric acid was determined in the usual manner, with 
the results shown in Table V. 

It will be observed that the results seem to be rather erratic 
and only about a 50 per cent recovery of uric acid is obtained as 
against 75 per cent by the tungstic acid precipitation method. 
This experiment is an added confirmation of the remarkable 
properties of Folin's protein precipitant. These data are also 
of interest when viewed in the light of the total non-protein 
nitrogen recovery, by the trichloroacetic acid method, particularly 
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so when one notes that even with a 25 per cent increased yield of 
uric acid, Folin^s non-protein nitrogens by the tungstic acid 
method are consistently 10 per cent lower than by the standard 
trichloroacetic acid precipitation. Of course, ordinarily the uric 
acid nitrogen is such a small fraction of the total that its effect is 
almost negligible, but in many pathological cases this is not the 
case. 

SUMMAEY. 

1. A review of the literature shows that Folin and Wu^s recently 
announced method for the determination of uric acid is the most 
rapid and accurate available for small quantities of blood. 

2. The average uric acid recovery recorded in the literature is 
only 80 to 85 per cent. 

3. Experimental data have been presented showing that: 
(a) Within the accuracy of the colorimeter (2 to 3 per cent) the 
readings are proportional to the amount of uric acid present 
without applying any corrections; (6) uric acid must be precipi- 
tated in neutral solution by silver lactate and that only under 
these conditions are consistent quantitative results obtained; 
(c) the precipitation of uric acid is very sensitive to mineral acid, 
but practically unaffected by lactic acid; (d) temperatures below 
26®C. have no effect on the solubility of silver urate; (e) recovery 
by Folin and Wu^s technique is consistently about 75 per cent; 
(/) the loss must be due to mechanical retention or absorption by 
the precipitated proteins; (g) by using trichloroacetic acid as the 
protein precipitant only a 50 per cent recovery of uric acid could 
be obtained. The relation of this fact to the non-protein nitrogen 
values was pointed out. 

4. The uric acid precipitation by silver lactate can be extended 
to other solutions, provided precipitation conditions outlined 
are adhered to. 
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STUDIES ON URIC ACID. 


II. A MOBIFICATION OF THE FOLIN AND WU URIC ACID 
METHOD. 

By GEORGE W. PUCHER. 

(From the Chemical Department of the Laboratories of the Bufalo General 
Hospital f Buffalo.) 

(Received for publication, February 9, 1922.) 

In the previous paper (1) it was shown that by* the technique 
of Folin and Wu only a 75 per cent recovery of uric acid was 
obtained and that this loss occurred in the coagulation and precip- 
itation of the blood proteins. To avoid this loss several experi- 
ments were tried, but none was satisfactory until heating of the 
solution before filtration was attempted, Folin and Wu (2) in 
describing their new protein precipitant mentions that, while heat 
may be resorted to, it is not recommended until some compelling 
advantage is gained. The advantage has arrived, namely increase 
in yield of uric acid to 93 per cent as well as rapidity of operation, 
due to increased speed of filtration. 

During the course of this investigation it has also been found 
practicable to combine three of Folin^s reagents into one solution; 
thus, greatly simplifying manipulative details. The solutions 
combined are the sodium sulfite, sodium cyanide, and sodium 
carbonate, and the concentration of the single solution has been 
so adjusted that the volume used (5 to 10 cc.) contains the same 
proportions of each reagent as recommended by Folin. This 
single solution keeps well, as one batch has been in use 3 months 
and still gives satisfactory results. 

To the use of a hot coagulation of the blood proteins for the 
determination of uric acid at least two main objections might 
arise. First the heating process may liberate loosely combined 
uric acid or other color-producing substances which would account 
for the difference in results. This is not the case since sheep 
blood gave no increased color when analyzed by the heating 
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procedure and; furthermore, at no time could there be recovered 
from the blood a larger amount of uric acid than had been added 
to it. That this same conclusion applies to human blood is 
apparent from Table I. 

It will be noted that in no case is the gain in yield by the heating 
process greater than is commensurate with the increased efficiency 
of the new method; i.e,, 18 to 20 per cent. 


TABLE I. 

Comparison of Cold and Hot Coagulation of Proteins in Human Blood, 


Date. 

Cold (Folin and Wu^s 
method). 

Hot coagulation per 
100 cc. 

Difference. 

im 


mQ. 

per cent 

Oct. 21 

1.9 

2.4 

20 

« 22 

7.2 

9.2 

22 

Nov. 2 

0.75 

0.90 

17 

« 3 

3.3 

4.1 

19 

« 3 

1.9 

2.4 

20 

« 8 

2.8 

3.4 

18 

Average increase 

19 


TABLE II. 

Comparison of Volumes of Mixture Before and After Heating, 


Volume before heating. 

Volume after heating mixture for 5 to 7 minutes. 

cc. 

cc. 

50 

48.5 

50 

49.5 

50 

49.5 

50 

50.0 


Secondly, it might be argued that the gain in yield is due to 
the concentration of the solution by evaporation during the heating 
process. Experiments indicate that with the type of flask used 
(which acted as a reflux condenser) and the short time period 
(5 to 10 minutes) loss of volume by evaporation was negligible. 
These data are presented in Table II. 

Next, the efficiency and reliability of the new method were 
studied by adding known amounts of uric acid to separate samples 
of sheep blood and then analyzing the filtrates. The experi- 
mental data are tabulated in Table III. 
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These results clearly indicate that the method is consistent 
within the limits of accuracy of the colorimeter and that an average 
recovery of 93 per cent of the uric acid present can be obtained in 
contrast to 75 per cent by the cold precipitation of Folin and Wu. 
Not only that, but the filtration of the hot solution takes, with a 
properly adjusted paper at the longest 7 minutes and generally 
less than 5 -while for the cold filtration 45 to 60 minutes are 
necessary. An added advantage of the hot filtration is that 
3 cc. of blood may be used for analysis where necessity demands. 

TABLE III. 


Recovery of Uric Acid by the New Procedure^ 


Date. 

Uric acid added 
per 100 cc. 

Uric acid found 
per 100 cc. 

Recovery. 

1921 

mg. 

mg. 

per cent 

Oct. 20 

6.7 

6.1 

92 

24 

4.7 

4.3 

92.5 

24 

4.7 

4.2 

90.3 

24 

4.7 

4.4 

94.5 

Nov. 6 

7.8 

7.3 

93.6 

« 6 

7.8 ‘ 

7.5 

96.0 

« 6 

7.8 

7.3 

93.6 

« 6 

7.8 

7.1 

91.0 

im 




Feb. 8 

2.7 

2.5 

92.6 

5 

2.0 

1.9 

95.0 

« 6 

2.0 

1.8 

90.0 

Average 

93 



Having established that the hot coagulation and filtration of 
the blood proteins are practicable in the determination of uric 
acid the procedure adopted in this laboratory will be fully out- 
lined. Many of the details, of course, are identical with those 
described by Folin and Wu, and for the sake of clearness will 
bear repetition. 


Reagents, 

1. Uric Acid Standard , — This was prepared exactly according 
to the directions of Folin with the addition that a few cc. of amyl 
alcohol for preservative purposes were added. 
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2, Protein Precipitant . — Prepared as described by Folin and 
Wu consisting of a 10 per cent solution of sodium tungstate 
(NaW 04 . 2 H 20 ) and a solution of | n sulfuric acid. This must 
be so adjusted that the blood filtrate is n/300 to n/500. 

S, Dilute A^nmonia . — 14 cc. of concentrated ammonia diluted 
to 500 cc. 

4 . Silver Lactate Reagent . — 5 per cent silver lactate in 5 per 
cent lactic acid. 

5. Silver Salt Decomposition . — A 10 per cent solution of so- 
dium chloride in 0.1 n hydrochloric acid. 

6. Combined Reagent . — The following amounts of c.p. chemicals 
are dissolved in warm water, made up to 1 liter, and filtered: 


gm. 

Sodium sulfite (anhydrous) 20.0 

carbonate 120,0 

cyanide (100 percent NaCN basis) 5.0 


7. Uric Add Reagent — The reagent recommended by Folin 
and Denis was used; i.e., the heating of 100 gm. of sodium tung- 
state, 80 cc. of phosphoric acid, and 70 cc. of water for 2 hours 
and then diluting to 1 liter. 

Method of Analysis. 

5 cc. of oxalated (excess oxalate must be avoided) whole blood 
are measued with a Folin ‘pipette into a 125 cc. long, narrow 
necked Florence flask. The blood is laked with 35 cc. of water 
and then 5 cc. of sodium tungstate, followed by 5 cc. of the | n 
sulfuric acid are added. The flask is vigorously shaken and after 
standing 5 to 10 minutes (when the color must be a chocolate 
browm), immersed in a boiling water bath (from 95 to OS^'C.) 
for 5 to 8 minutes. After this period it is removed, shaken 
gently, and filtered immediately. To 20 cc. of the filtrate (cooled 
to room temperature) in a 50 cc. centrifuge tube are added 0.5 
cc. of the dilute ammonia and then with stirring 3 cc. of the silver 
lactate reagent. After standing 10 to 15 minutes the solution 
is centrifuged for 2 minutes and the clear supernatant liquid 
carefully poured off. The residue is then thoroughly triturated 
with 2 cc. of the 10 per cent sodium chloride in 0.1 n hydrochloric 
acid, the stirring rod and sides of the tube washed with 10 cc. of 
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water and again centrifuged. The clear liquid is now poured 
into a 25 cc. volumetric flask. 

Next pipette 1 cc. of the standard uric acid into a 50 cc. volu- 
metric flask, washing down the sides with 4 cc. of the 0.1 N hydro- 
chloric acid and 20 cc. of water. Then add with shaking 10 cc. 
of the combined reagent to the standard, and 5 cc. to the unknown 
solution. Allow to stand for at least 10 minutes, and to the 
standard (50 cc. volumetric flask) add 1 cc. and to the unknown 
(25 ce. volumetric flask) 0.5 cc. of the uric acid reagent. Shake, 
let stand 3 to 5 minutes, dilute to the proper marks, and read 
in the colorimeter. As previously pointed out readings are best 
made in a dark room and the average of six to ten readings is 
taken as the correct value. 


Calculations. 


mg. of uric acid per 
100 cc. of whole 
blood. 

Precautions, 

1. It is important that the sodium tungstate and | n sulfuric 
acid be properly adjusted so that an almost neutral blood filtrate 
be obtained (0.005 to 0.002 n). The solution must be analyzed 
before using. This is most easily accomplished by titrating one 
against the other, using methyl orange as indicator. 5 cc. of 
the sodium tungstate should be equivalent to about 3.0 to 3.3 cc. 
of the I N sulfuric acid. 

2. In several instances for reasons yet unknowgn (particularly 
in cases of eclampsia with high uric acid) the hot blood filtrates 
possess a turbidity or opalescence. This, however, does not 
interfere with the uric acid determination and the final solution 
is water-white. 

3. As first pointed out by Benedict and Hitchcock (3) (for the 
hydrogen sulfide water decomposition) thorough breaking up of 
the precipitated uric acid is absolutely essential. This point is 
just as vital in the hydrochloric acid decomposition of the present 
method and great care must be exercised that all particles are 
loosened from the bottom of the centrifuge tube and brought 
into intimate contact with the acid. 


mg. of uric acid in stand- 
ard solution used for 
colorimetric comparison 

Setting of standard w (usually 0.1 mg.) 

(either 10 or 20 mm.) 2 (reading of unknown) 
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4. The dilution of the standard uric acid to about 20 cc. before 
the addition of the combined reagent is essential since it prevents 
the formation of the fine white precipitate which often takes 
place when the undiluted solution is allowed to stand. 

5. Do not fail to add the 4 cc. of 0.1 n hydrochloric acid to the 
standard otherwise the full color may not be developed. 

SXJMMABT, 

1. A method has been presented by which the yield of uric 
acid from the blood has been increased to 93 per cent. 

2. This new modification is simple and shortens the time cycle 
as well as manipulative details of the original procedure. 
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A SAPONIN FROM AGAVE LECHUGUILLA TORREY» 
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(Received for publication, Februar3^21, 1922.) 

Agave lecJiuguilla Torrey, known among the Mexicans as 
chuguilla’^ or “amole cle lechiiguilla,” grows abundantly on the 
limestone highlands of western Texas and along the Rio Grande as 
far east as Pi'esidio, extending into New Mexico and Mexico, 
where, according to Michotte (1), it grows wild in abundance in 
the states of Tamaulipas, Chihuahua, CahahuUa, Hidalgo, and 
Nuevo Leon. It is of interest to note that different forms of 
agave have been called ^‘lechuguillaf^ Watson (2) refers to 
chiguilla^^ or ‘‘lechiiguilW^ as the native name of Agave guttata and 
Agave variegata. According to Kew Bulletin (3), these species 
belong to quite another group, different from Agave lechuguilla. 
The statement is made that 

‘We may look upon Agave lechuguilla Torrey, Agave poselgerii, Salm- 
dyck, and Agave heteracantha, Zucc., as synonymous names representing 
one and the same plant. . ... . . 

This conclusion is evidently based on Engehnann (4) and Baker^s 
(5) classification. In discussing Agave lechuguilla Torrey and its 
relationship, Mulford (6), states in conclusion: 

“Though this plant certainly shows affinities with Agave heteracantha 
Zucc. and Agave posclgervi Salmdyck, it differs from them in having a more 
stiffly siiberect and one-sided habit and in never developing a broad pale 
band down the face of the leaf. The group to which all these and a number 
of related forms belong should receive careful study and comparison. Our 
plant may prove to be a variety.^' 

She mentions also that the specific name w^as originally printed 
^‘lecheguilM' through an error and should be ^^lpchuguillaj\ 
Michotte (1) refers to ^^lechuguillol^ as Agave {littaea) multilineaia 
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Baker, Agave heteracantha Zuccar, c’est lechuguilla du Mexique,” 
which classification is obviously erroneous, as Baker (5) specifi- 
cally stated, "Agave (littaea) multilineaia Baker is the same as 
Agave heteracantha, Hort Angl. not Zucc.” Rose (7) states that 
Agave lechuguilla 

been confused with A. heteracantha, from which, although the two 

are closely related, it appears to be distinct Our 

herbarium seems to show at least four good species of the heteracantha 
group. ..... I should not hesitate to describe some of them 
as new if I understood what is really the type of A . heteracantha Zucc. and 
A. poselgerii Salm. I have the type of A. lechuguilla and have seen the 
description of A. heteracantha, but the latter answers to no specimens we 
have.” 

The material used in this investigation was obtained from 
Uvalde, Texas, and was collected in April, 1916. It consisted of 
the rootstocks and short stems, and in most cases the leaves were 
attached. In identifying this material as Agave lechuguilla Torrey, 
we have received the assistance of Prof. William Trelease, of the 
University of Illinois, and ofMr.L.H. Dewey and Mr.E.O. Wooton, 
of the United States Department of Agriculture, who have fur- 
nished a number of photographs, some of which show the general 
growth of the plant and the characteristic morphological structures 
(Fig. 1). 

Agave lechuguilla is known to contain a substance which foams 
freely with water (8); in fact, the name “amole de lechuguilla” 
refers to this soapy character. The plant is valued, however, 
chiefly on account of the fibers which are abundant in the 
leaves and possess great strength and durability. The fiber 
is called Tampico ixtle and istle, or, according to more recent 
information, Tula ixtle (9). A saponin is found throughout the 
plant, in the rootstocks as well as in the leaves, which, after the 
fibers have been removed, are used locally as soap substitutes. 
It is said that shampoo mixtures are also prepared from the 
rootstocks of the agave. As far as we have been able to learn the 
saponin has not been isolated hitherto. 

An almost colorless and practically ash-free saponin, which, 
however, could not be crystallized, has now been isolated from the 
alcoholic extract of the rootstock. 
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The hydrolysis of this saponin yielded a pro-sapogenin, a well 
crystallized end-sapogenin melting at 183 . 5 °C., and two sugars. 
The end-sapogenin proved to be identical with a sapogenin pre- 
viously obtained from a saponin from Yucca filamentosa. One of 
the sugars, which was isolated in crystalline form, was shown to be 
galactose; the other was identified as glucose by means of its 
phenyl- and para-bromophenylosazones and by its specific rotation. 



Fig. 1. Leaves of Agave lechuguilla Torrey showing the characteristic 
margin. 

Although the saponin gave positive pentose tests with BiaFs 
reagent and yielded furfural on distillation wdth concentrated 
hydrochloric acid, the authors could get no further evidence of 
the presence of a pentose. It is probable that the results of these 
tests were due to the galactose w.hich is known to give such pen- 
tose reactions. 

Numerous ultimate analyses were made of the saponin and its 
sapogenin and the molecular weight of these compounds was 
determined. Accurate analyses of the saponin were difl&cult to 
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obtain because of its hygroscopic character. The presence of a 
small quantity of moisture which could not be removed at 110°C. 
wmiildj of course^ tend to lower the carbon content. Heating to a 
higher temperature w^as not safe as it caused decomposition which 
w^as indicated by a darkening of the compound. The molecular 
w’’eight determinations show that the composition of the saponin 
does not agree with Kobert^s general formula (10) for saponins, 
C?iH2/2~i602s* Even if Kobert's formula were altered to 
CnH 2 n- 80 i 4 , the results obtained on the hydrolysis of the saponin 
cannot be made to agree with it. The sapogenin is a well defined 
crystalline compound with a sharp melting point and can readily 
be purified from the crude sapogenin by crystallization from alco- 
hol. The results of the ultimate analysis and the molecular 
w^eight determination of this compound agree well with the for- 
mula Ca5H2402. It seems best, therefore, to deduce the formula 
of the saponin from its products of hydrolysis in the following 
manner : 

C15II24O2 4“ C6H12O6 -{- C6HJ2O6 2H2O = C27H44O12 
sapogenin glucose galactose saponin 

EXPERIIVIENTAL. 

Histochemicol Experiments. 

The saponin w^as found throughout the plant, in the roots, root- 
stocks, short axis, and leaves. It w^as most abundant in the basal 
parts of the plants, where the fibrovasciilar bundles were nmnerous 
and not especially fibrous and the trachese or tracheids formed an 
essential part of the bundles. A section through the rootstock or 
axis or even through the bases of the leaves, particularly in the 
fresh state, when moistened with concentrated sulfuric acid, re- 
vealed to the unaided eje the color changes which are characteris- 
tic of saponins. This reaction was especially distinct within the 
bundles, which at first became yellow and then slowly turned 
pink and reddish white. 

Under the microscope the saponin masses were found most 
easily in the air-dried material. ’ Here they appeared as amorph- 
ous, usually transparent, yellowish to yellow-brown films cover- 
ing the walls or filling the cells of trachese and tracheids. They 
could also be found in the parenchymatous and sclerenchymatous 
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tissue surrounding these elements. In the fibers of the leaves 
the tracheae form only a small part and are frequently scarcely 
visible without staining. Saponin may, how’^ever, be found in 
the tracheal veins, distributed rather abundantly in the paren- 
chymatous tissue surrounding the fibers. From these observations 
it is believed that the saponin occurs in the sap of the cells. Since 
the saponin contains 2 molecules of sugar, it may be used as food 
material in the metabolism of the plant. The fact that the saponin 
is strongly hygroscopic suggests that it may also serve to retain 
moisture in the plant tissue during the long periods of draught 
prevailing in desert regions. 

The histochemical studies were somewhat complicated by the 
fibrous character of the leaves and the serious decay of the root- 
stocks w’hich usually occurs in grown agave plants. Since the 
saponin was easily soluble in water and in 95 per cent or more 
dilute alcohol, the plant material to be tested could not be im- 
mersed in these liquids. Unfortunately, lead acetate (neutral 
and basic), barium hydroxide, and cholesterol, which usually pre- 
cipitate saponins, could not be used, as they caused no precipita- 
tion of saponin in this case. Ether, absolute alcohol, and olive 
oil were used for immersing the sections prepared in the experi- 
ments to locate the saponin. None of these liquids, however, 
were altogether satisfactory. Ether evaporates rapidly, absolute 
alcohol dissolves the saponin slowly, and olive oil is not readily 
removed from the tissue, making it difficult to complete the test. 

The use of a suspension of blood corpuscles, recommended in a 
previous paper (11), was again tried, but gave satisfactory results 
only in the roots. Here calcium oxalate, although present in 
other parts of the plant, is absent; it also produces a strong hemo- 
lytic effect. 

In addition to the hemolytic action upon blood corpuscles, the 
saponin masses were identified by their solubility in water, alcohol, 
phenol, and glacial acetic acid and by their insolubility in ether and 
chloroform. They also showed characteristic color changes with 
sulfuiic acid, slowly changing from distinctly yellow to pink and 
reddish violet. The color change to pink or reddish violet could 
be observed almost immediately, if a mixture of equal parts of 
sulfuric acid and alcohol, or acetic anhydride followed by sulfuric 
acid, were used. A green color (not precipitate) was produced by 
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sulfuric acid containing less than 1 per cent of ferric chloride. 
If dried plant material^ is used, 70 or 80 per cent sulfuric acid is 
preferable to the more concentrated acid, which usually chars or 
destroys the tissue. The epidermis of the leaves, however, is so 
strongly siiberized that the walls often resist the action of even 
concentrated sulfuric acid. The stomata imbedded in these epi- 
dermis cells at times gave a yellow color, turning to a distinct 
pink-red. Although this may have been due to sugars or gums 
which, in the presence of other substances, often give a color similar 
to that produced by saponins, it is possible also that some of the 
saponin enters these cells with the cell sap or is at times stored to 
retain or attract moisture. A 1 per cent potassium permanganate 
solution was also tried and was instantly decolorized by sections 
containing saponin. It is questionable, however, whether potas- 
sium permanganate which has been used as a reagent for substances 
of a saponin character is satisfactory for the microchemical de- 
tection and location. 

The microchemical identification of the saponin by means of 
the products of hydrolysis has so far not been generally successful, 
although in sections exposed to the vapor of hydrochloric acid or 
left immersed for more than a day in 40 per cent sulfuric acid, the 
formation of crystals has, in a few instances, been observed within 
the saponin masses, which ordinarily showed no refraction of 
light* 

Isolation of the Saponin, 

From 1 to 10 kilos of the finely divided, air-dried rootstocks of 
Agave lechuguilla were extracted several times with hot 95 per cent 
alcohol, and the red alcoholic solution was evaporated to dryness 
on the steam bath after adding about 50 gm. of magnesium oxide 
for each kilo of the agave used. The residue was ground and 
extracted with hot absolute alcohol. The process was repeated 
until no more saponin could be obtained. On cooling the alco- 
holic solutions, a light-colored granular substance separated. 
This was filtered off by suction and washed once or twice with dry 
ether. The yield of crude saponin was about 9 per cent. The 
crude substance was again dissolved in hot absolute alcohol and 
the saponin allowed to come out by cooling. Repeating the proc- 
ess five times gave an almost white material which contained only 
a negligible trace of mineral matter. 
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The saponin remaining in the alcoholic filtrates was obtained 
by pouring the solutions into equal parts of ether, decanting, re- 
dissolving the precipitate in hot absolute alcohol, and allowing 
the substance to come out by cooling. By purifying several 
times in this wa}^, more pure material was obtained. The same 
saponin was also isolated in the manner already described from 
the bases of the leaves, using only the white portion of the base. 

The saponin w^as soluble in water, alcohol, phenol, and glacial 
acetic acid. Its aqueous solution foamed when shaken. When 
treated with concentrated sulfuric acid the color change from yel- 
low to purple-red, generally produced by saponins, was obtained. 
Neutral lead acetate, basic lead acetate, and barium hydroxide did 
not precipitate it from either the aqueous or alcoholic solution. A 1 
per cent solution of the saponin in water did not give a precipitate 
on adding a 1 per cent alcoholic solution of cholesterol. The 
saponin was very hygroscopic, and for analysis it was necessary to 
dry it carefully by gradually heating it to 110°C. in a vacuum 
oven until the weight was constant. 

The following results were obtained on analyzing five prepara- 
tions: 


1. 0.1649 gm. substance: 

2. 0.1637 “ 

3. 0.1396 “ 

4. 0.2268 

5. 0.0880 ‘‘ 


0.3380 gm. CO 2 and 0.1179 gm. H 2 O. 


0.3359 

0.2857 

0.4646 

0.1910 “ 


‘‘ 0.1178 
0.1008 
0.1587 
‘‘ 0.0635 


it 


it 


Preparation 

1 

2 

3 

4 

5 

Average, 

c ^ 

55.90 

55.96 

55.82 

55.87 

56.13 

55.93 

H 

8.00 

8.05 

8.08 

7,83 

8.08 

8.01 

0 

36.10 

36.99 

36.10 

36.30 

35.79 

36.06 


Molecular Weight in Phenol. — 0.5341 gm. of substance lowered the freez- 
ing point of 27.94 gm. of phenol, 0.229°. 

7,500 X 0.5341 


M = 


= 626. Check 626. 


0.229 X 27.94 

CstHmOis. Calculated. C 57.85, H 7.92, MoL wt. 560. 

Found. 55.93, « 8.01, “ “ 626. 
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Farther analyses carried out^ with saponin^ after further purifica- 
tion, did not yield materially different results: 


Average analysis. 


Before purification. 

After purification. 

1 

per cent j 

2)er cent 

C 

55.46 

56.32 

H 

7.62 

7.75 


Surface Temion of SapoiiinJ — For the surface tension deter- 
mination, the Morgan drop-weight method was used. At 37°C. 
the surface tension of a solution of 100 mg. per liter of Locke’s^ 
solution was 59.75 dynes per cm. 

Biological Tests, 

Hemolysis of Saponinr — For the hemolysis tests, blood was 
drawn from the heart of a Belgian hare into 0.9 per cent saline 
solution, to which a little potassium oxalate was added. The 
blood was then centrifugated and washed with Locke’s solution. 
2 drops of the residual corpuscles were mixed with 10 cc. of an 
aqueous saponin solution, 1 in 10,000, and kept at 37°C. Hemo- 
lysis took place in about 1 hour. 


Toxicological Effect of the Saponin on Fish, 

In order to test the effect of the saponin on fish, experiments 
were made with minnows about 8 to 10 cm. long. The mimiows 
were placed in dishes containing tap water and small quantities 
of the isolated saponin were added, the highest concentration used 
being 0.02 per cent. As soon as the saponin had been added the 


^ Analyses made by Mr. C. E. F, Gersdorff, Protein Investigation Labo- 
ratory, Bureau of Chemistry. 

^ Determined by Dr. E. H. Woodward of this Bureau. 


® Lockers solution: am, 

NaCL.... 9.2 


KCi 

CaCla.... 
HNaCOa, 
HsO to... 


. 0.42 
. 0.24 
. 0.15 
1 liter 
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fish became greatly excited and swam about rapidly^ but soon 
calmed down and came to the surface of the water gasping for air. 
Bleeding in the vicinity of the gills and fins w^as observed. The 
fish lost their power of maintaining equilibrium and gradually 
turned over on their backs. After swimming in this position for 
sometime they died. The addition of cholesterol delayed and in 
some instances inhibited fatal action of the saponin (12) . In order 
to compare the tox.icity of the agave saponin with that of saponin 
obtained from other som'ces, experiments were made under similar 
conditions with a commercial sample of saponin from Quillaja 
sapoiiaria Merck and a sample of saponin isolated by the authors 
from California soap-plant,, Chlorogahim poryieridiamim (13). The 
solution of the agave saponin caused the fish to turn completely 
over in from 3 to 5 miniiteSj while the same effect was produced by 
the quillaja saponin in 15 minutes and by the chlorogalum saponin 
in 2 hours. The agave saponin w^as, therefore, the most toxic of 
the three. 


Hydrolysis of the Saponin. 

Formation of a Pro-Sapogenm . — 50 gm. of saponin were dissolved 
in 300 cc. of 1 per cent sulfuric acid and the solution was heated on 
a steam bath for 18 hours. A tan-colored, amorphous pro-sapo* 
genin settled out during the heating. This w^as thrown down in 
a compact mass by means of the centrifuge, the supernatant liquid 
was decanted, and the residue was washed until the washings were 
no longer acid to litmus. The pro-sapogenin was further hydro- 
lyzed as described later. 

Identification of Glucose . — The acid solution decanted from the 
pro-sapogenin as just described vras combined with the wash 
water, and sulfuric acid w^as added until the concentration of the 
acid reached 5 per cent. This mixture was heated on a steam 
bath for 6 hours, during which time a tarry substance separated. 
The mother liquor was decanted and neutralized with barium car- 
bonate, and the barium sulfate filtered off. The filtrate was 
decolorized wdth animal charcoal and after filtering was evaporated 
down, giving a light yellow sirup. A solution of this sirup was 
strongly dextro-rotatory. The specific rotation of the sugar cal- 
culated as glucose was 58.8° to the right at 20°C. using sodium 
light. The specific rotation of glucose is 53° to the right, while 
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the specific rotation of galactose is 81° to the right. The rotation 
obtained was, therefore, somewhat high for glucose, but this is 
explained by the fact that the solution contained some galactose. 
Since mannose was absent and the solution was dextro-rotatory, 
the formation of phenylosazone (M.P. 205°) and para-brbmo- 
phenylosazone (M.P. 222°) shows that glucose was one of the 
hydrolytic products. 

Formation of the End-Sapogenin . — When the pro-sapogenin was 
boiled with 6 per cent sulfuric acid until foaming ceased, the end- 
sapogenin w^as obtained in granular form. This was filtered off 
and was freed from acid by means of water. It was then dis- 
solved in hot dilute alcohol, from which a white crystalline sub- 
stance separated on cooling. Upon concentration of the mother 
liquor the same substance formed plates and prisms in addition to 
needles. The plates were undoubtedly somewhat, impure, melting 
at 180°. The crystal mass was further purified by recrystallization 
from 95 per cent alcohol. In this manner fine acicular crystals 
or prisms, melting at 183.5°C., were obtained. The substance was 
insoluble in water, but soluble in alcohol, acetone, benzene, and 
phenol. It was insoluble in dilute acids and alkali, but dissolved 
easily in concentrated acids. The sapogenin appears to be a very 
stable compound. When heated at 100°C. for 6 hours in an alco- 
holic solution of potassium hydroxide, satmated in the cold, it was 
recovered unaltered. A mixture of potassium dichromate and 50 
per cent sulfuric acid also has no action on it. 

The analyses of this compound gave the following results: 

0.2805 gm. substance: 0.2560 gm. H 2 O and 0.7827 gm. CO 2 . 
0.2278 '' 0.2154 “ 0.6362 '' '' 

0.1811 “ “ 0.1650 “ “ 0.5041 “ 

0.1609 0.1505 0.4487 



Preparation 1. 

Check. 

Preparation 2. 

Cheek. 

Average. 

c ^ 

76.10 

76.10 

76.17 

76.10 

76.14 

H 

10.21 

10.21 

10.43 

10.58 

10.32 


Molecular Weight in Phenol. — 0.1980 gm. substance lowered the freezing 
point of 29.30 gm. of phenol 0.206''. 
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[243 

7,500 X 0.1980 Check {246 

* ~ 29.35 X 0.206 “ ‘[245 

G 15 H 24 O 2 . Calculated. G 76.27, H 10.17, Mol. wt. 236. 

Found. “ 76.14, 10.32, “ 246, 

From its solubility, molecular weight, melting point, and crystal- 
lographic and optical properties, the sapogenin appears to be 
identical with the yucca sapogenin. 

Crystallographic and Optical Properties of Sapogenin from Agam^ 

Crystallography. — System, monoclinic; axial ratio arbrc = 1.515 : 1 : 

‘2.006, all ± 0.001; axial angle ^ = 85°45' ± 3'. Forms: c (001), a (100), 
m (110), d (101), and p (111) developed in the order named. Habit mostly 
tabular on c and elongated on axis b, thus agreeing with Fedorov’s rule as 
to the relation between axial ratio and habit- Faces somewhat rounded, 
often slightly concave; signals accordingly not particularly well reflected. 


ANGLE TABLE. 


No, 

Form. 

1 Symbols. 

Development. 

<p 

P 

Gdt. 

Mill. 

1 

c 

0 

001 

Dominant. 

00° 

00' J 

4° 15' 

2 

a 

ooO 

100 

Prominent. 

90 

00 1 

90 00 

3 

m 

CO 

no 

it 

33 

30 

90 00 

4 

d 

10 

101 

Narrow. 

90 

00 

54 30 

K 




(Small. 

35 


68 ± 

0 

P 

1 

111 

(Calculated. 

1 34 

57 

67 47 


Optical Properties . — Large crystals show parallel extinction and optic 
axial plane coinciding with plane of symmetry, one optic axis emerging 
obliquely through base. When crushed yields angular fragments ; attacked 
but slowly by immersion oils; refractive indices (D) . a — 1.535, jS ~ 1.550, 
Y — 1.570, T--a== 0.035, all ± 0.005; means are usually shown. Double 
refraction strong, colors being first to second order on small grains ; extinc- 
tion and elongation indeterminate; class biaxial; 2E very large; sign 
4“ ; dispersion distinct. 

Isolation of Galactose. — The acid solution obtained from hydrol- 
ysis of the pro-sapogenin was neutralized with barium carbonate. 
After filtering off the barium sulfate, the filtrate was clarified with 
animal chai'coal and evaporated to a sirup. This was dissolved 
in cold 95 per cent alcohol, and absolute alcohol was added until 

^Determined by Dr. E. T. Wherry, Crystailographer, Bureau of 
Chemistry, 
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no more gummy precipitate was produced. After standing over 
night the supernatant liquid was decanted. This was mixed with . 
an equal volume of anhydrous ether and the precipitate was 
allowed to settle. The mother liquor was decanted and the white 
residue was cr3^stallized from about 98 per cent alcohol. Small 
acicular cr^^stals melting at 165°C. were obtained. When mixed 
with pure galactose, there was no lowering of the melting point. 
Evaporation of the sugar with nitric acid gave mucic acid. The 
phenylosazone of the sugar melted at 197®C. and the para-bromo- 
phen^dhydrazone melted at 168^0. Thereis, therefore, no doubt 
that this sugar was galactose, 

SUMMABY. 

1. A saponin not hitherto described was isolated from the root- 
stock with attached roots and short overground axis, and the 
bases of the leaves of Agave lechuguilla. The results of the ulti- 
mate analyses, the molecular weight determination in phenol, the 
nature of the products of hydrolysis of the saponin, and especially 
the results of the analysis of the sapogenin suggested the formula 
C27H44O12. The saponin was soluble in water, alcohol, and phenol. 
Lead acetate, lead subacetate, and barium hydroxide did not pre- 
cipitate it from either the aqueous or alcoholic solutions, nor did 
cholesterol form an insoluble compound. The aqueous solution 
containing 100 mg. of saponin per liter hemolyzed rabbit^s blood 
in about 1 hour at 37'^G, Its surface tension at 37°C. in Lockers 
solution was 59.75 dynes per cm. 

2. Experiments with fish indicated that the saponin is more 
toxic than that from the common soapbark, Quillaja saponaria^ 
or from the California soap-plant, Chlorogahm pomeridiammi, 

3. The saponin occurs in the cell sap and may be located in the 
air-dried plant in the fibrovascular bundles or veins of the roots, 
rootstock, axis, and leaves. The rootstock and roots, apparently 
containing the largest amounts, yielded in an air-dried state about 
9 per cent of crude saponin. 

4. The hydrolysis of this saponin yielded glucose and a pro- 
sapogenin. 

5. The hydrolysis of the pro-sapogenin gave galactose and an 
end-sapogenin. 
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6. The end-sapogenin, melting at 183 . 5 °C., and to which the 
formula C15H24O2 is assigned, proved to be identical with a sapog- 
enin previously obtained from a saponin from Yucca filanmitosa. 
Its crystallographic optical properties were determined. 
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A COLOMMETMC METHOD FOE. THE DETERMIHATIOH 
OF SMALL AMOUNTS OF MAGNESIUM, 

Bt a. p. beiggs. 

{From the Biochemical Laboratory of the Washington University School of 
Medicine^ St, Louis,) 

(Received for publication, March 15, 1922.) 

Colorimetric methods for the determination of phosphorus in 
blood and urine have recently been published by Bell and Doisy,^ 
based upon the selective reduction of phosphomolybdic acid by 
hydroquinone in the presence of excess ammonium molybdate. 

In the method here described use is made of the principle of 
this method for the determination of the phosphorus content of 
precipitated MgNH 4 P 04 . The method is obviously applicable to 
any substance from which MgNH 4 P 04 may be precipitated. At 
present it is being used chiefly for the determination of magnesium 
in conjunction with calcium and other inorganic elements in the 
trichloroacetic acid filtrates from citrated blood plasma. 

Procedure . — By means of a pipette, transfer a measured volume 
of the plasma into a small flask, dilute wnth 3 volumes of water and 
1 volume of 20 per cent trichloroacetic acid, mix by shaking, and 
pour onto an ashless filter. Transfer 15 cc. of the filtrate into a 
25 cc. Pyrex test-tube. Add 1,5 cc. of the potassium, acetate solu- 
tion and 2 cc. of the ammonium oxalate solution; rub up and down 
inside the tube with a rubber-tipped rod until the CaC 204 seems 
to be completely precipitated and rinse off the rod with a little 
water. Heat the tube 15 minutes in a boiling water bath, and 
after cooling to room temperature centrifugate for 5 minutes at 
about 2,000 k-P-M. Pour the supernatant liquid from the calcium 
precipitate into a 50 cc. centrifuge tube. Add 1 cc. of the ammo- 
nium phosphate solution and 5 cc. of concentrated ammonia and 
rub up and down inside the tubes with a rubber-tipped rod until 
precipitation seems to be complete. After standing 3 or 4 hours, 

^ Bell, R. D., and Doisy, E, A., J. Biol, Chem.j 1^0, xliv, 55. 
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centrifagate for 10 minutes at about 1,500 r.p.m. and pour off tbe 
supernatant liquid. Fill the tubes about half full with the ammo- 
niacal alcohol wash solution, and rinse down the sides of the tube 
carefully wdth a jet of the same solution from a wash bottle. 
Centrifugate 5 minutes and pour off the wash fluid, wash a second 
time in the same manner. Dissolve the precipitate in 5 cc. of 
normal H2SO4, add 1 cc. of the molybdate solution and 1 cc. of the 
hydroquinone solution, and dilute with water up to the graduation 
mark at 20 cc. Prepare a standard at the same time containing 
5 cc. of the standard magnesium solution and the same amounts 
of H2SO4, molybdate, and hydroquinone. Mix the solutions and 
after 5 minutes compare in a colorimeter. 

Solutions Used. 

Standard magnesium solution, contains 0.1413 gm. of MgNH4- 
P04-6H20 per liter in 0.01 n H2SO4 and is preserved by the addi- 
tion of 2 cc. of chloroform. 5 cc. of this solution are equivalent 
to 0.07 mg, of magnesium which is about the amount found in 
3 cc. of plasma. 

Molybdate solution, contains 5 per cent ammonium molybdate in 
N H2SO4. 

Hydroquinone solution, contains 2 per cent hydroquinone. 

Potassium acetate solution, prepared as follows: Dissolve 125 
gm. of K2CO3 in as little water as possible and let stand over night. 
Filter and neutralize with 100 cc. of glacial acetic acid, and dilute 
to 500 cc. with water. This solution w^as found to be free from 
calcium and magnesium. All available samples of sodium acetate 
were found to contain calcium or magnesium. 

Ammonium phosphate, 2 per cent solution of (NH4)2HP04, pre- 
served with chloroform. 

Ammonium oxalate, a saturated solution. 

Ammoniacal alcohol, contains 200 cc. of 95 per cent alcohol and 
50 cc. of concentrated ammonia per liter. 

To show that the color obtained was proportional to the amount 
of MgNH4P04y various amounts from 5 to 20 cc. of the standard 
solution were transferred to 25 cc. volumetric flasks. To each 
were added 2 cc. of the molybdate solution, 2 cc. of the hydro- 
quinone solution, and water up to the mark. After 5 minutes the 
color in each flask was compared with the one containing 12 cc. 
of the standard solution. The readings in Table I were obtained. 
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To test the complete recovery of magnesium from trichloroace- 
tic acid filtrateSj measured amounts of the standard solution were 
transferred to 50 ce. centrifuge tubes. To each were added 3 cc. 
of 20 per cent trichloroacetic acid, 2 cc. of the ammonium oxalate 
solution, 1 cc. of the ammonium phosphate solution, 1.5 cc. of 
the potassium acetate solution, enough water to bring the volume 


TABLE I. 

Showing the Proportionality between the Amoimt oj Standard MgNHiPOi 
Solution Taken and the Inte7isity of Color Produced, 


Amount of standard 
solution taken. 

Reading obtained on 
comparing witK 12 ce. 

Theoretical reading. 

cc. 

i 

j 


5 

1 10:23.2* 

10:24.0 

10 

1 20:24.0 

20:24.0 

12 

I 20:20.0 

20:20.0 

15 

! 20:16.0 

20:16.0 

20 

i 20:12.3 

20:12.0 


Solution with 12 cc. of standard at 10 mm.; that with 5 cc. at 23.2 mm. 


TABLE II. 

Showing the Recovery of Mg from Trichloroacetic Acid, 


Amount of Mg taken. 

Mg recovered. 

mg. 

per cent 

0.10 

102 

0.10 

98 

0.10 

100 

0.10 

102 

0.15 

100 

0.15 

102 

0.03 

99 

0.03 

104 


up to about 20 cc., and finally 5 cc. of concentrated ammonia. 
The procedure described above was then follovred and comparison 
made with a standard containing the amount of magnesium solu- 
tion taken for the test. 

Table II shows the recovery to be satisfactory. 

The precipitate as it is obtained in the determination, packs 
well enough in ordinary round bottomed centrifuge tubes, so that 
supernatant fluids may be completely poured off with little or no 



352 Determination of Small Amounts of Mg 


loss of magnesium. Por this reason only one or two washings are 
required to remove the soluble phosphates which, if not completely 
removed, would make the results high. Several determinations 
on 10 cc. portions of the standard magnesium solution have shown 
that the results after one washing are only from 2 to 6 per cent 
high and that more than two washings are superfluous. 

Certain errors are evident in the determination as described. 
Magnesium is determined on the supernatant liquid poured off 
from the calcium precipitate. If the volume poured off is about 
20 cc. and the amount retained in the tube with the calcium pre- 
cipitate is about 0,2 cc. then an error of approximately 1 per cent 
is introduced. When the wash fluids are poured off from the 
MgNH 4 P 04 precipitate smalt losses are also sustained. Another 


TABLE III. 

Recovery of Mg after Removal of Ca. 


Reading. 

Mg recovered. 


per cent 

20:20.5 

97.5 

20:20.4 

98.0 

20:20.8 

96.0 

20:20.0 

100.0 

20:20.4 

98.0 

20:19.8 

101.0 


error of about 1 per cent may be incmued when diluting to the 
20 cc. graduation mark on the 50 cc. centrifuge tube. 

The experiments below indicate that a total error of less than 
4 per cent may be expected when working with such amounts as 
are found in 3 cc. of blood plasma. Magnesium determinations 
were made on 15 cc. portions of a known solution, each containing 
0.1 mg. of magnesium, 0.5 mg. of calcium, and 3 cc. of 20 per cent 
trichloroacetic acid. All the steps in the method were carried 
out as described and the readings in Table II obtained on com- 
parison with a standard containing 0.1 mg. of Mg set at 20 mm. 

Very small amounts of calcium oxalate are, of course, poured off 
with the supernatant liquid from the calcium precipitate, this, 
however, introduces no error into the magnesium determination, 
as the calcium oxalate is not changed to the more soluble phosphate. 
In fact the magnesium determinations on blood plasma or urine 
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are the same if made on the combined CaC 204 and MgNH 4 P 04 
as they are on the latter alone. Larger amounts of oxalates retard 
the formation of the color and make the results low. 

If the calcium is precipitated in the presence of too much acidj 
the separation of CaC 204 is incomplete. In this case Ca in solu- 
tion would be present when the Mg is precipitated and the condi- 
tion would be more favorable for the formation of some calcium 
phosphate as well as oxalate. But it was found that when 0.1 mg. 
of Mg and 0.5 mg. of Ca were treated with 1 cc. of the ammonium 
phosphate solution, and 2 cc. of the ammonium oxalate solution 
with sufficient acid present to prevent any precipitation, then made 
strongly ammoniacal, that the calcium was all precipitated as 

TABLE IV. 


Recovery of Mg after Precipitation of Ca at pH ^.0 to 5,0, from a Solution 
Containing a Large Amount of Phosphate * 


pH 4.0 

pH5=fc 

Mg taken. 

Mg recovered. 

Mg taken. 

Mg recovered. 

mg. 

mg. 

mg. \ 

mg. 

40.0 

39.39 

40.0 

39.50 

40.0 1 

39.44 

40.0 

39.44 


* The Ca determinations were all approximately 100 per cent. 


oxalate and the magnesium as phosphate. The color obtained 
from the combined precipitates matched a standard equivalent 
to 0.1 mg. of magnesium. 

The trichloroacetic acid filtrates were neutralized in the manner 
described in preference to the technique of McCrudden^ to mini- 
mize the salts in the calcium filtrate. McCrudden found that 
large amounts of salts in the calcium filtrates made the subse- 
quent magnesium determinations low. When 3 cc. of 20 per cent 
trichloroacetic acid or 15 cc. of the plasma filtrate are neturalized 
with 1.5 cc. of the potassium acetate solution using a drop of 
methyl orange as indicator, the color is seen to change from red to 
yellow with a slight tinge of brown, corresponding to an acidity 
of pH 4 to 5d:. To test the separation of Ca and Mg at the ex- 
tremes of this range, in the presence of phosphates, additional de- 

2 McCradden, F. H., J, Biol, Chem.^ 1909-10, vii, 83. 
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terminations were made on 100 cc. portions of a solution contain- 
ing 0.04 per cent calcium, 0,04 per cent magnesium, and 1 per cent 
anniioiiiiim phosphate. Method orange was added as indicator 
and potassium acetate added in one set until the color matched 
that of 0.0001 HCl containing the same amount of methyl 
orange. In the other set potassium acetate was added until the 
color changed to yellow. CaC204 was precipitated with excess 
of saturated (NH4)2C204 solution and magnesium determined on 
the filtrates by gravimetric procedure."^ 


TABLE V. 

Mg in 100 Cc. of Ur me. 


Colorimetric. 

Gravinietrie. 

mg. 

mg. 

3.38 

3 . 2 s 

3.43 

3.38 

TABLE VI. 

Mg Determinations 

on Blood Plasma, 

Character of plasma. 

Mg per 100 cc. 


mg. 

Human, early pregnancy 

2.23 

ti it c( 

2.50 

a {( a 

2.35 

a it a 

2.32 

** normal male.. 

2,48 

Beef 

2.20 


Table IV shows the recovery of magnesium to be very nearly 
complete. 

The following comparison was made with gravimetric procedure 
on a normal urine. The urine was made acid with a few drops of 
concentrated H2SO4 and filtered. Duplicate samples of 5 cc. each 
were pipetted into 50 cc. centrifuge tubes and diluted to about 20 
cc., treated with 2 cc. of saturated ammonium oxalate, 2 cc. of the 
ammonium, phosphate solution, and 5 cc. of concentrated ammo- 
nia. Precipitation was accelerated by rubbing and after standing 
about 4 hours the combined precipitates of CaC204 and MgNH4- 

® Jones, W., J. Biol, Chem,, 1916, xxv, 87. 
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PO 4 were centrifiiged and washed and compared with a standard 
containing 0.20 mg. of Mg. 

Gravimetric determinations were made on 100 cc. samples of 
the same urine. Ca was precipitated at pH 4.5zb with excess 
ammonium oxalate, the filtrates were evaporated to dryness and 
ignited in platinum dishes, and Mg was determined on the residue 
according to the procedure of Jones. ^ The results are shown in 
Table V. 

The few’ preliminary determinations on normal plasmas tabu“ 
lated in Table VI indicate the maintenance of a rather constant 
concentration of magnesium. 




STUDIES ON THE DIGESTIBILITY OF PSOTEIMS 

IN VITRO. 


III. ON THE CHEMICAL NATURE OE THE NUTRITIONAL BE*. 

FICIENCIES OF ARACHIN.^ 

Bt D. BREESE JONES anb HENRY C. WATERmN. 

(From the Protein Investigation Laboratory, Bureau of Chemistry , United 
States Department of Agriculture, Washington.) 

(Received for publication, March 15, 1922.) 

In discussing the results of a previous investigation (1) we 
suggested that an explanation of the effect of partial indigestibil- 
ity upon the growth-promoting properties of a protein might be 
found in the presence of some one or more of the essential amino- 
acids in combinations which, like certain polypeptides studied 
by Fischer and Abderhalden (2), resist the hydrolytic action of 
digestive enz}nnes by reason of the order in which their compon- 
ent amino-acid residues are united. The authors cited found the 
same amino-acids w^hich constituted their indigestible polypep- 
tides to be capable of forming readily hydrolyzable compounds 
when united in a different order. 

The presence of such a difficultly digestible complex in the molecule of 
arachin, the principal protein of the peanut, Arachis hypogoea, has recently 
been suggested by Barnet Sure (3), in connection with a study of the 
biological inadequacy of this protein. The high nutritive value of peanut 
press-cake preparations (4, 5, 6) this author explains as due to the presence 
in the total peanut protein mixture of some source of the amino-acids 
which arachin, by reason of its resistance to the action of proteoclastic 
enzymes, does not supply. Amino-acid deficiencies could not be demon- 
strated by supplementing with proiine, with the amino-acids of the leucine 
fraction, with cystine or tryptophane, nor with all these combined (3), 
A chemical analysis (7) had already shown arginine, histidine, and lysine 


Read before the division of Biological Chemistry, at the 62nd meeting 
of the American Chemical Society, New York, N. Y., September 6 to 10, 
1921. Released to be offered for publication in this Journal by courtesy 
of the Editor of the Journal of the American Chemical Society. 
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to be present in such proportions as to make it appear very unlikely that a 
deficiency (in the ordinary, quantitative sense) in any one of them could 
be the limiting factor. Sure concludes that until further evidence, based 
upon specific amino-acid additions, shall have been secured, the nutritional 
failure of arachin must tentatively be ascribed to incomplete digestibility 
resulting from the order in which the amino-acid nuclei are combined. 

The pui’poses of the experiments described in the present paper 
were: (a) to ascertain if incomplete digestibility of arachin could 
be demonstrated by experiments in vitro] (5) if such an incomplete 
digestibility were foimd to exist, to determine if it could be 
remedied by any means not productive of a far reaching hydroly- 
sis; and (c) to secure, by means of a chemical study of partial 
degradation products of arachin, some evidence as to the identity 
of the amino-acids which are so combined in arachin as to be diffi- 
cultly separable by proteoclastic enzymes. 

With respect to the first of these points, our results support the 
tentative conclusion drawn from the preceding animal experiments. 
Arachin was found to be less digestible in vitro than any biologi- 
cally available protein thus far tested under the same conditions. 
A test of the second point gave a result quite contrary to that which 
our previous experiences (1, 8) had led us to expect. The diges- 
tibility of arachin in vitro was not improved by heating with water, 
even when this was done under a pressure of 15 poimds and con- 
tinued for 1 hour. The experiments on the third point, yielded 
very interesting results. By acting upon arachin with 0.10 n 
sodium hydroxide at 80® a partial cleavage product was obtained 
which amounted to about one-third of the original protein. This 
derivative was very difficultly digestible in vitro; and on analysis 
it was found to have retained a disproportionate amount of the 
basic nitrogen contained in the arachin from which it was prepared. 

The preparation analyzed constituted 33.8 per cent of the 
original protein. Of the 1.88 per cent of histidine contained in 
arachin, 1.31 per cent, about two-thirds of the total, was found in 
this preparation. Of 13.51 per cent of arginine and 1.14 per cent 
of cystine indicated by the analysis of arachin, 4,55 and 0.37 
per cent, about one-third in each case, were found in the resistant 
fraction, while of 4.98 per cent of lysine our derivative contained 
1.95 per cent, about two-fifths of the total quantity. 

On the basis of this information, feeding experiments are now 
being carried on in this laboratory with the purpose of determin- 
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ing: (a) if arachin may be supplemented effectively with any com- 
bination of the hexone bases and cystine; and (6) to ascertain 
whether or not the products of a complete hydrolysis of aracliin^ 
supplemented with the amino-acids known to be destroyed by the 
hydrolyst employed, are capable of supporting normal growth, 

EXPEBIMENTAL. 

Estimation of Relative Digestihility in Vitro, 

Outline of Method . — ^The procedure in all the estimations of relative 
digestibility made in this investigation was a slightly modified form of 
that described by Waterman and Johns (S) in the first paper of this series. 
It has been treated in detail in the first and second papers (1, S). Briefly, 
it was as follows: Duplicate samples, approximately O.oOO gm., in the 
form of 100 mesh powxler, of each of the proteins between w’hich a direct 
comparison was desired were digested for 1| hours at in 50 cc. of 0.10 x 
hydrochloric acid containing 0.1 per cent of pepsin. Then the reaction 
mixtures were neutralized by the addition to each of 5 cc. of n sodium 
hydroxide and treated each with 5 cc. of a 6 per cent solution of trypsin 
in 0.10 N sodium hydroxide. The resulting 60 cc. of approximately 1/120 
N sodium hydroxide containing 0.5 per cent of trypsin w^as allowed to act 
upon the samples for a further 2| hours at 37®. After the digestion the 
activity of the enzymes was destroyed by heating at 75 to 80° on a steam 
bath for 5 minutes. The solutions were then filtered, and the amino nitro- 
gen resulting from the digestion was determined by means of Van Slyke^s 
amino nitrogen apparatus. 

The results were calculated on the basis of the amino nitrogen 
of complete hydrolysis minus the free amino nitrogen (one-half 
the lysine nitrogen) of the protein. The formula is that given in 
our second paper on this subject: 

Per cent of digested nitrogen, DN = — - ■ X 100. 

The terms of the equation are defined at the heads of the columns 
containing the corresponding data in the tables. 

Digestibility in Vitro of Arachinf as Compared with That of 
Proteins of Known Digestibility, — ^To determine if arachin was 
difficultly digestible under the conditions of our experiments, it 

^ The ordinary preparation of arachin, made according to the direction 
of Johns and Jones (11). This material was prepared by Mr. C. E, F. 
Gersdorff of this laboratory. 
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was compared directly with casein and with cooked phaseolin. 
The latter two proteins were chosen as standards both by reason 
of the fact that they have been shown to be sufficiently digestible 
to be assimilated by growing animals, and because the behavior 
of both of them in a test of this kind was familiar to us from pre- 
vious experience. 

In each case the digestibility in vitro of the arachin was found to 
be considerably less than that of the control protein (Table I). 


TABLE I. 

Digestibility in Vitro of Arachin as Compared iviih That of Proteins of 
Known Digestibility. 


Preparation. 

Amount 
of sample 
i (protein). 

Combined 
amino N in 
sample 
(Na). 

Amino N 
after 
digestion 

Amino N 
of blank 
digestion 
(N^). 

Digestion 

N, 

calculated 
on basis of 
Na. 

Raw arachin 1 

2 

mg, 

' 500.8 

1 501.8 

mg. 

63.61 

63.74 

mg. 

49.99 

49.67 

mg. 

19.20 

19.20 

per cent 

48.4 

47.8 

Average * 

48.1 


Casein 1 ' 

2 

501.2 

501.3 

49.37 

49.38 1 

49.32 

49.66 i 

1 

19.20 

19.20 

61.0 

61.7 

Average 

^ 61.4 


Raw arachin 3 

4 

502.1 

502.2 

63.77 

63.79 

49.31 
49.31 1 

18.18 

18.18 

48.8 

48.8 

Average 

48.8 


Cooked phaseolin 1 

2 

501.8 

502.5 

52.09 

52.16 

48.60 

48.94 

18,18 

18,18 

58.4 

59.0 

Average 

58.7 



Also, the qualitative indications noted in our previous work 
with difficultly digestible proteins were again observed in the case 
of arachin, while the control proteins as before, did not show these 
characteristics. 

The DigesUbiliiy in Vitro of Various Cooked Preparations of 
ArachiUj and of a Preparation Made^ Without Dehydration hy 

2 Preparation' D, with the elementary analyses recorded in this paper, 
was made by Mr. S. Phillips of this laboratory. 
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Alcohol , — Previous experience had led us to believe that difficultly 
digestible vegetable proteins might be rendered biologically 
available (9, 10) and correspondingly readily digestible in vitro 
(1, 8) by heating with water. Preparations were accordingly 
made by suspending ordinary raw arachin in twenty times its 


TABLE II. 

Comparative Digestibility in Vitro of Raw and Cooked Arachin, 


Preparation. 

Amount 
of sample 
(protein). 

Combined 
amino N in 
sample 
(Na). 

Amino N 
after 
digestion 
(Ni). 

Amino N 
of blank 
digestion 
(Nj,). 

Digestion 

N. 

calculated 
on basis of 
Na. 

Paw aracMn 5 

6 

mg. 

502.3 

503.8 

mg. 

63.80 

63.99 

mg. 

48.15 

48.48 

mg. \ 

17.60 

17.60 

per cent 

47.9 

48.3 

Average. 

48.1 


Cooked arachin A 1 

2 

503.3 

502.4 

63.58 

65.46 

50.87 

51.14 

17.60 

17.60 

50.7 

51.2 

Average 

51.0 


Paw arachin .7 

8 

502.1 

501.7 

63.77 

63.72 

61.12 

50.96 

19.22 

19.22 

50.0 

49.8 

Average 

49.9 


Cooked arachin B 1 

2 

501.0 

501.3 

65.74 

1 65.77 

51.96 

51.96 

19.22 

19.22 

49.8 

49.8 

Average 

49.8 


Paw arachin 9 

501.5 

63.70 

' 50.97 

19.28 

49.7 

Cooked arachin C 1 

2 

500,5 

501.4 

63.57 

1 63.69 

1 

51.05 

51.41 

19.28 

19.28 

50.0 

50.5 

Average 

: 50.3 



weight of distilled water and boiling for | hour (Preparation A), 
for 2| hours (Preparation B), and for 1 hour under 15 pounds 
steam pressure (Preparation C). In no case, however, did the 
cooked arachin ^ow a digestibility significantly superior to that 
of the ordinary, raw preparation (Table II), 
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In view of the high nutritional value of peanut meal, it seeniecl 
not impossible that the arachin preparations used in the feeding 
experiments and in our digestion experiments might have suffered 
some change in the process of isolation which would render 
indigestible an originally readily digestible protein. The only 
treatments involved in the preparation of arachin by the method 
of Johns and Jones (11) which seemed at all likely to have such 
an effect upon the protein were the dehydration with absolute 
alcohol and the subsequent dry heating at 110° in a drying oven. 
Preparation D was therefore made in accordance with the direction 
of Johns and Jones with the exception that neither alcohol nor 
ether vrere used in drying it, while the dry heating at 110° was 
replaced by treatment in vacuo at 40°. 

The digestibility in vitro of this preparation was no greater 
than that of the raw and the cooked protein, however (Table 
III). Our results thus far, then, supported the theory that ara- 
chin, in itself incompletely digestible, is supplemented by some 
other source of amino-acids in peanut meal. Our next experi- 
ments w^ere concerned with the digestibility and the chemical 
composition of partial breakdown products. 

Experiments with the Products of a Partial Hydrolysis of Arachin 
by Dilute Alkali, — An experiment of Bateman (12) has shown that 
egg albumin, in its natural state dil&cultly assimilable, was ren- 
dered much more readily digestible by treatment with dilute 
alkali. We therefore subjected arachin to a similar treatment, 
after finding that neither cooking nor the elimination of alcohol 
dehydration and dry heating enabled us to produce a readily 
digestible preparation; for we wished to secure, if possible, a 
preparation sufficiently digestible to permit of a conclusive animal 
experiment to determine whether or not the amino-acid composi- 
tion of arachin is adequate for normal growth. 

Preparation E was made by dissolving arachin in 20 volumes 
of 0.1 N sodium hydroxide and heating the solution on a water 
bath at about 80° for 1 hour. The protein was precipitated by 
neutralimg with very dilute hydrochloric acid. The precipitate 
was filtered off, washed with warm distilled water, dehydrated 
by suspension in absolute alcohol, washed with ether, and dried 
under diminished pressure at 100°. Preparation F was made in 
an entii'ely similar manner. 
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Instead of producing the result noted hy Bateman in the case 
of egg white, however, the alkali, under the conditions which we 
used, effected a partial h^-drolysis of apparently considerable ex- 
tent. Notable quantities of ammonia were given off during the 
warming on the water bath; hydrogen sulfide was evolved when 
the solution was acidified to precipitate the protein, indicating 
that a sulfur-bearing nucleus had been attacked; and from 65 to 

TABLE III. 

DigesilhiUty in Yitro of Arachin {Pre'paration D) Dried without Using 
Alcohol or Ether, or Heating at 110^, as Compared with That 
of Arachm Isolated in the Usual Way. 


Preparation. 

Amount 
of sample 
(protein) . 

Combined 
amino N in 
sample 
(Na). 

Amino N 
after 
digestion 
(Nd). 

Amino N 
of blank 
digestion 
(Nb). 

Digestion 

N, 

calculated 
on basis of 
Na- 



mg. 

rag. 

mg. 

mg. 

per cent 

Arachin D 

...1 

601.5 

61.73 

48.68 

18. 7S 

48.4 


2 

501.2 

61.70 

48.35 

18.78 

47.9 

Average 

i 

48.2 

Eaw arachin 

,.10 

502.2 

63.79 

49.66 

18.67 

48.6 


11 

501.5 

63.70 

49.39 

18.67 

48.2 

Average 

48.4 

Arachin D 

.. 3 

501.2 

61.70 

49.23 

18.67 

49.5 


4 

501.7 

61.76 

49.72 

18.67 

50.3 

Average 

49.9 

Final averages: 






per cent 

Arachin D 






49.1 


Ordinary raw arachin 48.4 

80 per cent of the arachin treated was converted into products 
which could not be precipitated by dilute acid. The yield of 
Preparation F was 33.8 per cent. The product in this case was 
evidently not the slightly modified, probably internally rear- 
ranged but otherwise nearly intact, original protein, such as 
Bateman obtained in treating egg white. KMher, it must have 
consisted of those combinations in the arachin molecule which 
offer a relatively strong resistance to the hydrolytic action of 
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alkaUes. This view is supported by the extraordinarily low 
digestibility of these preparations in vitro (Table IV). This 
latter condition may have been due in part to racemization^ 
however. 

It had been shown by Northrop (13) that alkali (sodium hy- 
droxide) attacks largely the same linkages in the protein molecule 
as do pepsin and trypsin. It seemed therefore probable that an 
analysis of the alkali-resistant residue in arachin would yield 
interesting information, and that it might, indeed, furnish sugges- 

TABLE IV. 


Digestibility in Vitro of the Unhydrolyzed Residue from the Treatment of 
Arachin ivith 0,10 n Sodium Hydroxide, 


Preparation. 

Amount 
of sample 
(protein). 

Combined 
amino N in 
sample 
(Na). 

Amino N 
after j 

digestion > 
(N^z). 1 

Amino N 
of blank 
digestion 
(Nfo). 1 

Digestion 

N, 

calculated 
on basis of 
Na. 

Preparation E 1 

2 

mg. 

500.0 

500.0 

mg. 

63.70 

63.70 

mg. 

34.82 

34.75 

mg. 

19.20 

19.20 

per cmt 

24.5 

24.4 

. Average 

24.5 


Ordinary arachin 13 

14 

500.9 

600.7 

63.62 

63.60 

49.94 

48.75 

19.20 

19.20 

^ 48.4 

46.5 

Average. 

47.5 


Preparation F 1 

2 1 

i 

500.0 

500.0 

63.70 

63.70 

36.75 

36.09 

19. 54 

19.54 

27.0 

26.0 

Average 

26.5 



tions for the supplementation or other feeding experiments, to 
secure a basis for which this investigation was made. For this 
purpose the alkali product had the advantage that it was not con- 
taminated, as would be the residue remaining after the action of 
pepsin and trypsin, with the protein contained in the enzyme 
preparations. The Van Slyke method (14) was used, since it 
gives values for the essential amino-acids except tryptophane. 
The result of this analysis, compared with the figures obtained 
by Johns and Jones (7), using the same method, for ordinary 
arachin, are shown in Tables V and VI, 
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TABLE T. 


Analysis by Van Slyke’s Method of the Residue {Pre-paraiion F) Remaining 
After the Treatment of Arachin with Dilute Alkali^ Compa-red 
with That of Ordinary Arachin A 



I 

II 

I 

11 

Aver- 

age. 

Ordinary 

arachin,'* 

aA^erage, 



gm. 

gm. 

per cent 

per cent 

per cent 

•per cent 

Amide N 


0.03SS 

0.0378 

7.95 

7.75 

7.85 

11.81 

Humin N 

..|0.0026|0.0044 

’0.53 

0.S2 

0.68 

0.57 

Cystine N 

..!0.0034I0.0037 

0.70 

0.76 

0.73 

0.74 

Arginine ]>7 

..|0. 113410.1134 

23.25 

23.25 

23.25 

23.77 

Histidine N 


0.0300 0.0294 

i 6.15: 

6.03 

6.09 

2.78 

Lysine N 

..|0.0318;0.0306 

6.521 

6.27| 

6.40' 

5.22 

Amino N, filtrate 

..,0.2601 10. 2569 

i 53.33 

52.66 

53.00 

53.30 

Non-amino N, filtrate 

. .10.010310.0154 

! 1 

1.93^ 

3.16 

2.55^ 

i 

1.65 

Total nitrogen recovered.. 

•• 

0.4904i0.4916 

i 

1100.36 

100.70 

100.55 

100.27 


* Johns and Jones (7). 


TABLE VI. 


Percentages of the Basic Amino-Acids in the Residue {Preparation F), 
Remaining After the Treatment of Arachin with Dilute Alkali ^ 
as Compared with Those of Ordinary Arachin, 


Amino-aeid 

I 

II 

Average. 

Ordinary 
arachin (7), 
average. 


per cent 

per cent 

per cent 

per cent 

Cystine 

1.12 

1.03 

1.08 

1.14 

Arginine 

12.47 

12.47 

12.47 

13.51 

Histidine 

3.92 

3.84 

3.88 

1.88 

Lysine 

5.87 

1 

5.65 

5.76 

4.98 


The facts thus far brought but suggest some interesting possi- 
bilities. It seems best, however, to defer any attempt to formulate 
an interpretation of them until the results of the feeding experi- 
ments become available, ^Trom the animal to the laboratory, 
and from the laboratory back to the animal is the logical order in 
such researches” (Hopkins, 15). 

SUMMARY. 

Arachin is less readily digestible in vitro by pepsin and trypsin 
under the experimental conditions described than are any biologi- 
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cally available proteins which have thus far been tested by the 
same method. In direct comparison in the same experiment ^ 
arachin gave the figure 48 per cent as against 58 per cent for cooked 
phaseoliiij and 61 per cent for casein. 

The digestibility m vitro of arachin was not appreciably in- 
creased by boiling with water at ordinary pressure, or by steaming 
at 15 pounds pressure. The treatments involved in the isolation 
of arachin are apparently not responsible for the relatively low 
digestibility in vitro. 

The action of hot, dilute sodium hydroxide upon arachin pro- 
duced a partial cleavage derivative amounting to about one- 
third of the arachin from which it was prepared. This derivative 
» contained about two-thirds of the total histidine, about one-third 
of the total arginine and of the total cystine, and about two- 
fifths of the total lysine of the original arachin. This partial 
cleavage product was very difficultly digestible in vitro. 

The work of Northrop (13) is cited as showing that the action of 
hot, dilute alkalies is similar in some cases to that of pepsin and 
trypsin; and projected experiments with animals are outlined, 
the purpose of which is to determine if the basic amino-acids, 
found to be present in relatively considerable quantities in the 
alkaM-resistant fraction of arachin, play a part in the nutritional 
failure of this protein. 
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THE DETERMINATION OF GLOBULINS IN BLOOD SERUM. 

By R. R. HENLEY. 

(From the Biochemic Division, Bureau of Animal Industry, United Slates 
Department of Agriculture, Washington.) 

(Received for publication, March 27, 1922.) 

The increasing importance attached to the proportion of globu- 
lins present in blood s^rum under varying conditions of health and 
nutrition as well as the importance of accurate knowledge as to 
the proportions present in antitoxic sera, has led recent investiga- 
tors to inquii’e into the methods for their accurate determination. 
In the earlier methods for globulin determination^ the globulins 
precipitated by the addition of an equal volume of saturated 
ammonium sulfate solution to the serum, or to a dilute so- 
lution of serum, were collected on a filter paper, washed with the 
salt solution, dried at 115®C., washed to remove salt, and then 
weighed. Obviously, this method is subject to many inaccu- 
racies, chief of which is the difficulty in freeing the globulin 
precipitate of albumins and salt. Haslam^ found that repeated 
precipitations at constant volume with equal volumes of sat- 
urated ammonium sulfate were required to free the globulins 
from albumins. 

Berg® precipitated the globulins of blood serum by adding to the 
diluted serum an equal volume of saturated ammonium sulfate 
solution, and separated the precipitated globulins from the al- 
bumins by centrifuging. Only one separation was made. The 
precipitate was dissolved in water, coagulated by heat, filtered, 
washed, dried, and weighed. 

In order to avoid the difficulties attending the washing and 
. weighing of coagulated globulin precipitates, Reiss^ and Robertson® 

1 Hammarsten, 0,, A text book of physiological chemistry, translated by 
Mandel, J. A., London, 1906. 

® Haslam, H. G., Biochem. J,, 1912-13, vii, 492. 

* Berg, W. N., J. Agric. Research, 1917, viii, 449. 

* Reiss, E., Beitr. chem. Physiol, u. Path., 1904, iv, 150. 

® Robertson, F. B., J. Biol. Chem., 1912, xi, 179. 
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devised a method for globulin estimation based upon the refractive 
index of the separated proteins. This method possesses numerous 
advantageSj such as accuracy, simplicity, and rapidity, but has 
the disadvantage that an expensive and particularly sensitive 
refractometer is required, the lack of which has precluded, it is 
believed, its more general employment. More recently Cullen 
and yan Slyke,® with the same object in view, namely to avoid 
the washing and weighing of the globulin precipitates, have 
developed a method for the determination of globulins which is 
also applicable to the determination of other proteins. This 
method is based upon the determination, by the Kjeldahl method, 
of the protein nitrogen of the filtrate from the precipitation effected 
by the addition of an equal volume of a saturated ammonium 
sulfate solution to the serum solution; the ammonia of the 
ammonium sulfate present having been driven off previously by 
distillation with magnesium oxide from an alcohol-water solution. 

Two methods for the determination of globulins, particularly in 
anti-hog-cholera serum have been developed in these laboratories. 
One has been used continuously since 1914, and the other for 
about 3 years. By either of these methods duplicate determina- 
tions checking within 0.1 per cent have been secured consistently, 
and prolonged use of the methods has indicated that accurate com- 
parative results are obtainable with either method. The estima- 
tion of the accuracy and reliability of a method for the determina- 
tion of globulins can be done most advantageously by a 
comparison of the results secured by the method in question 
with those .obtained by other methods, it being understood, of 
course, that any method to merit consideration must be capable of 
yielding uniform results when applied to various lots of the identi- 
cal serum. On the appearance of the description of Cullen and 
Van Slyke^s method, tests were conducted that furnished evidence 
of the general reliability of the method. As the two methods, 
which have been used for some years in these laboratories, had 
always been found to yield accm*ate comparative results, the 
idea was suggested of comparing the relative merits of the Cullen 
and Van Slyke method and the methods used in these laboratories. 
It was for this purpose that this study was undertaken. The 
results showed that the two methods used in these laboratories, 

fi Cullen, G, E., and Van Slyke, D. D., J. BioL Chem., 1920, xli, 587. 
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as well as the Cullen and Van Slyke methodj all afford an accurate 
means of determining globulins. Inasmuch as the methods de- 
veloped in these laboratories appear to give results in practical 
agreement with those obtained by the Cullen and Van Slyke 
method, and are, in some respects at least, less involved than the 
Cullen and Van Slyke method, it seems desirable, for the benefit 
of others interested, to describe them briefly, and to detail the 
comparative amounts of globulins found by the three different 
methods in identical lots of horse serum. 

Methods for the Determination of Globulins, 

Method 1 , — Konig and Kisch*^ recommended, in 1889, the esti- 
mation of globulins by precipitating the globulins with saturated 
magnesium sulfate, and then determining the nitrogen in the pre- 
cipitate by the Kjeldahl method. Accurate determinations by 
this method are impossible because of the difficulty experienced in 
attempting to wash albumins from globulin precipitates. On 
this account, an attempt was made to estimate the globulins by 
determining the nitrogen of the filtrate and by making the neces- 
sary calculations to determine the globulins by difference. The 
method is used as follows: 

Two determinations are required: (1) Determination of total nitrogen. 
The total nitrogen is determined, using a 5 cc. portion of the serum, and is 
expressed in grams of nitrogen in 100 cc. of serum. (2) Determination of 
non-globulin nitrogen. The globulins are first removed from the solutions 
as follows: To 10 cc. of serum contained in a 100 cc. graduated flask, 60 to 
70 cc. of a saturated magnesium sulfate solution are added and the contents 
thoroughly mixed by rotation — agitation — a producer of foam in protein 
solutions, is to be avoided. 12 gm. of MgS 04 * are next added to com- 
plete the saturation, and the flask is allowed to stand, with intermittent rota- 
tion, until the crystals have dissolved, when the contents of the flask are 
diluted to the 100 cc. mark with a saturated magnesium sulfate solution. 

After standing over night, the contents of the flask are filtered, a 20 cc. 
portion of the filtrate, which should be water-clear, is taken and the nitro- 
gen in this determined by the Gunning method, using a reduced amount of 
Ka SO 4 . The quantity of nitrogen found, of course, represents the quantity 
of nitrogen present as non-globulin nitrogen in 2 cc. of serum, and is calcu- 
lated to grams per 100 cc. of serum. 


^ Konig, J., and Kisch, W., Z, anal, Chem,, 1889, xxviii, 191. 
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Calmlaiimi . — The total nitrogen found less the non-globulin .nitrogen, 
represents the globulin nitrogen. The factor 0.3 is used to convert the 
globulin nitrogen to globulins, and the results are expressed in grams of 
globulins per 100 cc. of serum. 

Method — This method has been used since 1914, in which 
yeai* it was devised to determine the quantity of globulins present 
in anti-hog-cholera serum. While no originality is claimed, it is 
believed, that of the methods in which globulins are determined 
by direct weighing, the method as here described will yield more 
accurate results than are obtainable with any other similar method. 
The description follows: 

To 10 cc. of serum contained in a 400 cc. beaker, 90 cc. of water are added, 
stirred, and then 100 cc. of a saturated ammonium sulfate^ solution are 
added, wdth constant stirring. The beaker is covered with a watch-glass, 
allowed to stand until the globulins separate into thick masses, usually 
over night, and the contents are then filtered through 11 cm. hardened 
papers, the filtrate being returned to the paper if not clear. The solution 
either in the beaker, or funnel, is kept covered with watch-glasses. 

After the filtration is complete the precipitate is dissolved, while the 
paper is in the funnel, with physiological salt solution. Solution is easily 
effected. Frequent additions of the salt solution are of course made, but 
the final volume should not exceed 100 cc. The solution of the globulins is 
measured in a cylinder, the volume brought to 100 cc., and an equal volume 
of a saturated ammonium sulfate solution added, using the same cylinder 
to measure the ammonium sulfate solution that was used to measure the 
globulin solution. The globulins are removed by filtration as before. 

The globulins from the second precipitation are again dissolved in salt 
solution, the volume being brought to about 300 cc . The solution is brought 
to a boil, and 1 or 2 drops of a 10 per cent solution of acetic acid added if 
necessary to cause fiocculation. The solution will foam tremendously if 
boiling is continued for any time, so as the boiling point is approached, a 
close watch to check foaming should be maintained. 

After standing on a steam bath until the globulins have separated into 
a thick fiocculent mass, the solution is filtered through a tared hardened 
(hardened papers must be used) paper, any protein remaining adhering to 
the walls of the beaker being completely removed. In order to remove 
retained sulfates, the precipitate is washed with hot water, about 200 cc. 
being used, and each portion being allo-wed to pass through the paper before 
the succeeding portion is added. The precipitate and paper are trans- 


® Only tested ammonium sulfate should be used. An ammonium sulfate, 
stated to be c. p., has been found which contained more than 1 per cent NH4 
HSO4. Needless to say, such an ammonium sulfate will ruin any protein 
determination. 
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ferred to a tared, alummium weighing dish provided with a coveij and dried 
to constant weight, or until a loss of less than 1 mg. is showm after 3 hours 
drying, at 100° G. As the papers are very hygroscopic the dishes should be 
tightly covered when removed from the drying oven. 

The Cullen and Van Slyke method® was used essentially as de- 
scribed in the Journal of Biological Chemistry. However, no 
determinations of non-protein nitrogen w^ere made, the globulin 
nitrogen being calculated as the difference betw^een the total 
nitrogen present less the non-globulin nitrogen. The various 
corrections w^ere made. It may be mentioned that the globulins 
vrere separated by diluting 10 cc. of serum with 50 cc. of winter, 
adding 50 cc. of a saturated ammonium sulfate solution and filter- 
ing. It w^as found also, that the bumping of the flask in the dis- 
tillation of the free NHa in the MgO distillation could be better 
controlled, if the MgO, water, and alcohol w’-ere added in this 
order, the flask being agitated after each addition, rather than if 
added in the order AlgO follow^ed hy the required amount of 50 
per cent alcohol-water. 

Merckxs MgO is specifically recommended by Cullen and 
Van Slyke, and was found by the wTiter to be superior to any other 
powTlered magnesium oxide. However, with a commercial phar- 
maceutical preparation of milk of magnesia® the distillation pro- 
ceeded more quietly than with Merck’s and the amount of nitrogen 
in the reagents employed was lower than in the case of Merck’s. 
In Cullen and Van Slyke’s description of this method, the freedom 
of the distillate from ammonia in the MgO distillation is deter- 
mined by testing the distillate with litmus paper. In the writer’s 
experience, litmus papers have not proved reliable. Instead, the 
distillation is continued until 10 cc. of distillate do not neutralize 
0.1 cc. of 0.1 N Ho SO 4 , using methyl red as an indicator. 

Comparison of Methods. 

In order to compare the results obtained by these methods, the 
globulins present in three different lots of horse serum were deter- 
mined by each of the three methods, all determinations being 
made in duplicate. The serum used was obtained by centrifuging 
defibrinated blood obtained from normal horses, and the first 


® Phillips’ brand was used. 
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precipitations were made in all cases while the serum was but a 
few hours old. 

A determination of the ammonium sulfate remaining in the 
coagulated globulin precipitates obtained in Method 2, was made 
in most cases, but the amounts were too small to render corrections 
necessary. 

The results are shown in Table I. 


TABLE I, 

Amounts of GlohuUns Determined hy the Different Methods. 




Grams of globulins per 100 cc. of serum. 


Serum. 

Method. 

Duplicates. 

Differ- 

; Average. 

General 

average. 



1 

2 

ence. 


AS 

1 

5.58 

5.59 

0.01 

5.59 



2 

5.55 

5.48 

0.07 

5.52 



Cullen and Van Slyke. 

5.28 ' 

i 

5.36 

0.08 

5.32 

5.48 

A6 

1 

5.57 

5.54 

0.03 

5.55 



2 

5.55 

5.40 

0.15 

5.48 



Cullen and Van Slyke. 

5.04 

5.04 

0.00 

5.04 

5.36 

A7 

1 

3.95 

3.97 

0.02 

3.96 



2 

3,98 

4.02 

0.04 

4.00 j 



Cullen and Van Slyke, 

4.14 

1 

4.14 

0.00 

4.14 

4.04 


The very close agreement in duplicates as determined by 
Method 1 and by the Cullen and Van Slyke method is noteworthy. 

It may be remarked that no one method gave consistently high 
or low results, although the Cullen and Van Slyke method gave 
the lowest results in two of the three serums, and Method 1 gave 
the highest results in two serums. On the whole it may be said, 
that each method yields dependable results when judged either by 
comparing results of duplicate determinations by the same method, 
or by comparing results, on the same serum, obtained by the dif- 
ferent methods. 

Effects of Dilution. 

It has been stated frequently that the amount of globulins that 
can be separated from a given serum, or serum solution, is depen- 
dent upon the dilution of the serum from which the globulins are 
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TABLE n. 


Effects of Dilution, 


Serum. 

Method. 

Dilution. 

Globulins 
per 100 cc. 

Serum. 

Total 
volume at 
separation.'*' 



cc. 


sm. 

A5 

1 

10 

100 

5.59 



5 

100 

5,18 


2 

10 

200 

5.52 



5 

200 

5.22 



5 

300 

5.07 


Cullen and Van Slyke. 

10 

100 

5.31 



5 

100 

5.40 

A6 

1 

20 

100 

5,.55 



10 

100 

5.29 



5 

100 

5.00 


2 

10 

200 

5.48 



5 

200 

5.36 



5 

300 

5.43 


Cullen and Van Slyke. 

20 

100 

5.15 



10 

100 

5.14 

1 


5 

100 

4.75 

A7 

1 

! 20 

100 

3.64 



1 10 

100 

3.96 



5 

100 

4.03 


2 

1 

20 

200 

4.20 



10 

200 

4.00 



5 

200 

3.99 


Cullen and Van Slyke. 

20 

100 

4.03 



10 

100 

4.14 



5 

100 

3.94 


Precipitations effected by saturated solutions of magnesium sulfate 
or balf saturated solutions of ammonium sulfate, depending upon the 
method used. 
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precipitated, but, usually, detailed data supporting this statement 
have been lacking. In order to determine if the dilution at which 
globulins are precipitated has any influence on the amounts of 
globulins that will be obtained, globulins were precipitated from 
serum solutions diluted not only in accordance with the description 
of the methods previously given, but also in dilutions greater and 
less than those recommended. Thus, in Method 2, dilutions of 
10 cc. of serum in 100 cc. of saturated magnesium sulfate solution 
are specified ; separations were made not only at this dilution but 
in dilutions of 5 cc, of serum in 100 cc. of sulfate solution, and 
20 cc. of serum in the same amount of sulfate solution. Table II 
shows the serums employed, the dilutions at which the separations 
were made, the methods used, and the results obtained. All de- 
terminations were made in duplicate, and with four exceptions all 
duplicates checked within 0.1 gm. of globulins per 100 cc. 

It is apparent that, on the whole, there are only slight variations, 
within the dilutions employed, in the amounts of globulins found, 
indicating that the amounts of globulins separated from albumins 
are but slightly, if at all, dependent upon the concentration of pro- 
tein or upon similai' factors. In other words, it is indicated that 
globulins are a rather distinct entity. However, a slight tendency 
for the amounts of globulins separated to vary with the dilution 
at which separation is effected, is recognized, and in recognition 
of this complication, separations of globulins should be effected 
always at definite unvarying dilutions. 

Relative Advantages of Methods, 

From general experience with these methods, the following con- 
clusions regarding their comparative advantages appear to be 
justified: 

1. Duplicate determinations agree slightly more closely when 
made by the Cullen and Van Slyke method, than when macki l)y 
the other two methods, and the results obtained by the Cullcm 
and Van Slyke method appear perhaps to be less influenced by 
dilution. The Cullen and Van Slyke method is more complicated 
and requires more care than the other methods. Accurate deter- 
minations cannot be made by this method unless bumping during 
distillation of the free ammonia is prevented. 
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2. Method 1, the method in which magnesium sulfate is used^ 
is the simplest of the three, and requires less attention and less 
time than the others. Experience indicates that the results ob- 
tained by this method will be dependable within the limits set 
forth in the tables. 

3. Method 2 requires more time and does not yield quite as 
accurate results as the other methods. This method has been 
found useful when a large number of determinations are to be 
made. 

4. Considering the nature of the substance for the estimation 
of which these methods are used, the results obtained by the dif- 
ferent methods are surprisingly concordant, and it is believed that 
any one of the three methods may be recommended for the ac- 
curate determination of globulins, provided that it is used in the 
manner indicated. 


SUMMARY. 

1. Two previously imdescribed methods for the estimation of 
globulins are given. 

2. Results secured by these methods in comparison with each 
other and with the results obtained by the recently published 
method of Cullen and Van Slyke are shown. 

3. A study was also made of the effects of varying the dilution 
at which globulins are precipitated. 




OF THE DETERMIFATIOF OF THE TOTAL OXYGEF- 
COMBINIFG ' POWER OF THE BLOOD IN THE 
VAN SLYKE APPARATUS. 

By christen LUNDSGAARD anb EGGERT MOLLER. 

{From the Medical Clinic of the University of Copenhagen, Copenhagen, 

Denmark,) 

(Received for publication, April 11, 1922.) 

In the original paper Van Slyke gives the following procedure 
for the determination of the total oxygen-combining power of 
the blood (hemoglobin):^ 3 or more cc. of blood are introduced 
into a separatory funnel or bottle and distributed in a thin layer 
about the inner wall so that maximum contact with the air and 
complete saturation of the hemoglobin with oxygen are assured. 
The vessel is rotated for a few minutes so that the blood is kept 
in a thin layer, or it may be shaken for 15 minutes or longer with 
a mechanical shaker. The saturated blood is transferred to a 
heavy test-tube or cylinder, from which a sample is drawn into a 
pipette and run into the apparatus. 

We have modified this in a way which, we think, affords a more 
convenient procedure. 6 cc. of water containing 2 to 3 drops of 
octyl alcohol and 0.3 cc. of 1 per cent saponin^ are run into the 
apparatus. After the usual evacuation this is drawn down and 
trapped in the wide branch of the apparatus below the lower stop- 
cock. The stop-cock is turned and mercury is run very slowly 
upwards through the apparatus in order to collect the film of 
water left on the inside. The water is then run out of the left 
side of the upper part. The upper stop-cock is' now turned and 
mercury is run into the bottom of the cup. If any moisture is 
left in the cup from the introduction of water it is dried by filter 
paper. 2 cc. of blood are now introduced into the cup and drawn 
down almost to the bottom of the 50 cc. chamber. The apparatus 

^Van Slyke, D. D., Biol. Chem., 1918, xxxiii, 127. 

2 Van Slyke, D. D., and Stadie, W. G., /. BioL Chem*, 1921, xlix, 1. 
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is now shaken for | minute by hand or for from 2 to 3 minutes 
by a mechanical shaker. The upper stop-cock remains open. 
Thereby the blood is saturated. Mercury is again run up into 
the 50 cc. chamber collecting the blood at the top. When the 
blood column reaches the upper stop-cock, this is closed. The 
stop-cock is now turned so that the previously trapped air-free 
water is allowed to rise into the chamber. The lower stop-cock 
is closed and the apparatus turned upside down once in order 
to mix the water and blood. After | minute the blood is laked. 
Saturated potassium ferricyanide is now added and the determina- 
tion made as described by Van Slyke in 1918 and modified by 
Van Slyke and Stadie in 1921. 

The advantage of our procedm*e is that it requires less blood and 
can be done in a shorter time than the original method. There 
is, furthermore, no possibility of introducing any error by evap- 
oration during the saturation of the blood in the separatory 
funnel. 



THE NUTRITIONAL REQUIREMENTS OF BABY CHICKS- 

II, FURTHER STUDY OF LEG WEAKNESS IN CHICKENS,’*' 

By E. B. hart, J. G. HALPIN, and H. STEENBOCK. 

With the Cooperation of O. N. Johnson and A. Black. 

{From the De'partmeyits of Agricultural Chemistry and Poultry Husbandry) 
University of Wisconsin, Madison.) 

(Received for publication, April 14, 1922.) 

In 1920 we published (1) data recording our experience in the 
rearing of baby chicks on ^^synthetic^^ rations, and the relation of 
the factor of roughage in the diet of this species to so called '^leg 
weakness.” Our data confirmed the earlier observations of Os- 
borne and Mendel (2) to the effect that under conditions of con- 
finement a roughage factor — preferably paper among those tried — 
would greatly aid in avoiding the complicated syndrome known to 
poultrymen as leg weakness. Yet in all our experience in the 
use of the chicken for laboratory purposes there were failures 
in growth not only with charcoal, dirt, agar, and fullers^ earth 
as a roughage, but also some failures with paper, even when all 
other factors of nutrition appeared to be adequately supplied. 

We have studied the problem further and our results indicate 
that a factor of primary importance in avoiding trouble in the 
rearing of baby chicks under confinement is provision of an ample 
supply of the fat-soluble vitamine or more accurately those 
vitamines contained in cod liver oik Our work has been with cod 
liver oil and we arc unable to say whether our results arc to be 
interpreted as due to the influence of the fat-soluble vitamine 
alone or to this vitamine plus the hypothetical antirachitic vita- 
mine. The rate of growth attainable by this species is considera- 
bly greater than that of the rat and very probably its demand for 
the water-soluble vitamine is also large, but it appears that it is 
not greater than can be provided by a cereal grain such as white 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

379 


TUB JOUBNAL OF BIOLOGICAL CHBMISTBY, VOL. LII, NO. 2 



380 Nutritional Requirements of Chicks. II 


corn and an ad libitum supply of skimmed milk. With these 
materials as the sole source of water-soluble and antiscorbutic 
vitamineSj we have had excellent and uniform rates of growth of 
baby chicks of an initial 40 gm. weight to 700 gm. weight, pro- 
vided the vitamine complex of cod liver oil (the fat-soluble vitam- 
ine?) was also available in comparatively generous quantities. 

No leg weakness developed in these cases. The birds were 
unusually active and vigorous and were pronounced normal speci- 
mens by experienced poultrymen. When cod liver oil was with- 
held and the sole source of all vitamines was restricted to white 
corn and skimmed milk from the time of hatching, growth, with 
few exceptions, ceased in 4 to 6 weeks, followed by sudden death. 
Occasionally a bird confined to this ration would grow for a 
longer time, exhibiting the ruffled feathers, squatting position, 
edema of the eyes, and external symptoms defined as leg weakness, 
but ending ultimately in premature death. 

We have been so impressed with these recent data that we are 
inclined to explain the considerable variations we have had in 
rearing baby chicks on synthetic as well as natural diets to a 
variation in the vitamine content of the butters used in making 
the synthetic rations and to the comparatively low or unavailable 
supply of this factor in the natural food materials used. We do 
not abandon the idea of a roughage as a necessary ballast and 
aid in the rearing of this species; but our available data do show 
that with white corn, skimmed milk ad libitum, common salt, 
calcium carbonate, a litter of shavings, and confinement it is 
possible to rear baby chicks to maturity with no indication 
of physical weakness provided cod liver oil is added to the diet. 
Evidently the demand by the chick for the fat-soluble vitamine 
is comparatively larger than that made by the rat during the 
early periods of growth. With 15 to 20 per cent of butter fat 
in the rations as the only source of the fat-soluble vitamine and 
all other nutritional factors provided, we have seen baby chicks 
fail to make normal growth. 

Further, where chicks were started, as soon as hatched, on 
a mixed and complex dietary and then at 6 weeks of age and 
approximately 200 gm. of weight transferred to a low fat-soluble 
vitamine ration, such as white corn and skimmed milk, the prog- 
ress of growth continued rapidly for 3 to 5 weeks, but gradually 
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slowed down, with, the development of symptoms not unlike those 
described as leg weakness. In other words, rapid growth on the 
above ration was possible for a time with older birds through the 
use of the stored vitamine and the small amount of this factor 
available in the food, thereby prolonging life with an opportunity 
for the development of the syndrome of leg weakness into a linger- 
ing and distinctly chronic state. 

EXPERIMENTAL. 

We do not think it necessary to record the many trials, with 
some successes and some failures, that we have made in attempts to 
rear baby chicks under confinement, particularly at normal rates 
and with uniform results. This statement applies particularly 
to our work with synthetic rations, but also in a measure to work 
with natural foodstuffs. It is especially in the direction of 
uniformity of results that our work has been most checkered. 
One or two individuals in a group might grow well, while the 
remaining number would fail. No real success in the use of this 
species as a laboratory animal can follow until it is possible to 
rear normally a high percentage of individuals from any one 
hatch. 

In the experiments recorded in this paper a hatch of 57 pure- 
bred Rhode Island Red chicks was divided into three groups of 
19 each. The birds were confined indoors and to limited runs with 
shavings as a litter. 

Group 1 received as a mash a mixture of 97 parts of white corn, 
2 parts of calcium carbonate, 1 part of sodium chloride; skimmed 
milk was allowed ad libitum. 

Group 2 received the same ration as Group 1, but to which were 
added 50 gm. of cod liver oil per kilo of grain-salt mixture. The 
cod liver oil was mixed intimately with the ration. We have 
tried feeding this material by pipette, but this led to loss of 
appetite and ultimate starvation. Where the cod liver oil was 
mixed with the ration and the newly hatched chick placed on this 
ration as soon as it was ready to take food, we had no trouble 
whatever with consumption. 

Group 3 only served as a check and received a great complexity 
of diet. This consisted of a mash of 33 parts of bran, 32 parts of 
yellow corn, 32 parts of middlings, 1 part of charcoal, and 2 parts 
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of fish, scraps; whole milk was allowed ad libitum; a scratch mixture 
of 50 parts of yellow corn, 25 parts of wheat, and 25 parts of 
oats was also allowed. This group was useful to us only as serv- 
ing as a source of partly grown individuals to be used in later 
phases of our experimental plan. 


TABLE I. 

Record of Weights of Group 1, Fed White Corn, Shimmed Milk, CaCOz, 

and NaCl. 


No. 

Initial 

weight. 

2 weeks. 

4 weeks. 

6 weeks. 

i 

8 weeks. 

Remarks. 


gin. 

gm. 

gm. 

gm. 

gm. 


1 

34 

80 

125 

150, dead. 



2 

33 

80 

140 

120 “ 



3 

32 

75 

125 

110 “ 



4 

34 1 

70 

90, dead- 




5 

37 

85 

130 “ 




6 

40 

85 

140 




7 

34 

85 

140 

160, dead. 



8 

32 

75 

140 

190 



9 

37 

85 

160 

270 

360, dead. 


10 

32 

75 

105 



Taken for blood test. 

11 

35 

70 

95 



a i< i( t( 

12 

35 

65, dead. 





13 

36 

75 

100, dead. 




14 

35 

75 

120 

110, dead. 



15 

34 

85 

135, dead. 




16 

35 

95 

115 



Taken for blood test. 

17 

32 

80 

120 



it it a (c 

18 

34 

85 

120 

1 


a it it it 

19 

39 

85 

125, dead. 





In addition to the calcium carbonate included in the rations 
of Groups 1 and 2, limestone grits were allowed all the birds. 
No water was given — this being derived wholly from the skimmed 
milk. 

In Tables I and II are recorded the growth records of Groups 
1 and 2. It will be noted that with one exception all of the animals 
of Group 1 died within 6 weeks after the initiation of the experi- 
ment. Some died suddenly; others lingered, showing ruffled 
feathers, a tendency to squat, and symptons of leg weakness. 
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Group 2, receiving the cod liver oil in addition to the basal ration, 
made with two exceptions uniform and rapid growth. There 
was no indication in this group of any physical difficulties what- 
ever. The uniformity of results impressed us as indicating the 
effectiveness for this species of a bountiful supply in the diet of 


TABLE II. 

Record of Weights of Group 2, Fed White Corn, Skimmed Milk, CaCOz, 
NaCl, and Cod Liver Oil. 


No. 

Initial 

weight. 

2 

weeks. 

4 

weeks. 

6 

weeks. 

8 

weeks. 

10 

weeks. 

11 

weeks. 

Remarks. 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

grn. 



20 

37 

90 

170 

310 

4G0 

\ 640 

790 



21 

35 

65 

135 

250 

400 

580 

680 i 



22 

37 

80 

160 

270 

390 

540 

660 



23 

35 

SO 

145 ' 

220 

310 

430 


Taken for blood 

test. 

24 

34 

100 

170 

290 

440 

690 

870 ' 



25 

31 

50 

100 





Taken for blood 

test. 

26 

34 

75 

145 





i( it it 

it 

27 

34 

70 

90 





u ti ti 

it 

28 

34 

80 

160 

260 

390 

580 1 

680 



29 

35 

70 

135 

210 

320 

410 

450 



30 

34 

80, 










dead . 








31 

37 

85 

155 

265 

380 

520 

630 1 



32 

34 

65 

90, 










dead. 







33 

32' 

85 

155 

280 

510 

dlO 1 


Taken for blood 

test. 

34 

32 

80 

120 





it it ti 

it 

35 

35 

85 

175 

320 

500 

750 

870 



36 

32 

80 

155 

265 

400 

540 

670 



37 

33 

70 

120 





Taken for blood 

test. 

38 

39 

80 

155 

220 

3S0 

520 


a it it 

ti 


the vitamines of cod liver oil. We made no examination of the 
skeletons to determine whether they were normal or not. We do 
not claim that the ration used was an ideal one in all respects 
and that the optimum amounts of calcium and phosphorus were 
provided. 

At 4 weeks of age, 5 individuals from Group 1 as well as 5 
individuals from Group 2 were taken for blood analysis. We 
desired to know whether there was the same correlation with re- 
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spect to the inorganic phosphorus content of the blood in these 
groups of animals as had been observed by Howland and Kramer 
(3) in children suffering from rickets. 

The method used for the determination of inorganic phosphorus 
was that described by Marriott and Haessler (4). Food was 
withheld from these birds 12 hours before bleeding to insure that 
the blood would not be contaminated with food from the crop 
as it flowed from the severed necks into test-tubes. In Table 
III the results of these analyses are given. 

The data on blood analysis indicate that; in respect to forms of 
phosphorus, changes were occurring in this species similar to those 
observed in rachitic children. The record of Bird 16 is an excep- 


TABLE III. 

Inorganic Phosphorus per 100 Cc. of Senm of Groups 1 and 


No cod liver oil, Group 1, 

Cod liver oil, Group 2. 

No. 

Age. 

Weight. 

Phos- 

phorus. 

No. 

Age. 

Weight. 

Phos- 

phorus. 


wks. i 

gm. 

mg. 


wks. 

gm. 

mg. 

10 ! 

4 

105 

1.93 

25 

4 

100 

2.50 

11 

4 

95 

1.07 

26 

4 

145 

5.15 

16 

4 1 

115 

2.80 

27 

4 

90 

2.73 

17 

4 j 

120 

1.40 

34 

4 ■ 

120 

3.80 

18 

4 

120 

1.73 

37 

4 

120 

3.80 


tion, not showing a lo\ver inorganic phosphorus content of its 
blood than shown by two individuals receiving the cod liver oil. 
We do not want to imply that these animals were suffering from 
rickets and that leg weakness in poultry is rickets until further 
data are accumulated. But it is significant that cod liver oil, 
a specific for rickets, completely prevented, in a very considerable 
group of individuals, the complex known to poultrymen as 
leg weakness. 

The six birds from Group 3 which had received a complex diet 
and were transferred at weights of 200 gm. or more to the low fat- 
soluble vitamine ration given Group 1, grew well for 3 to 5 weeks 
after the transfer, but after that time began to fail The feathers 
became ruffled, and in some individuals the crop became compacted, 
squatting was frequent, and many of the gross symptoms of leg 
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weakness presented themselves. After these chickens had been 
on the low fat-soluble vitamine ration for 4 weeks and noticeable 
signs of failure were apparent, three individuals, Nos. 39, 40, and 
41, were taken for the determination of inorganic phosphorus in 
the blood. These three birds had begun to lose weight; the other 
three had not. Nos. 42, 43, and 44 — ^those not losing weight at 
4 weeks after the transfer — were held on the ration for a longer 
time, or until they began to fail when the}?' were sacrificed for 

TABLE IV. 

Record of Weights and Inorganic P in Serum of Individuals Transferred 
from Co7nplex Diet to Low Fat-Soluble Vitamine Diet at Weights of 200 Gm. 
or More (Group S), Also Record of Three Individuals from Group 2 
Receiving Cod Liver Oil and 10 Weeks Old, 


No. 

Trans- 

fer 

weight. 

2 

weeks 

later. 

4 

weeks 

later. 

6 

weeks 

later. 

Group 

2 

10 

weeks 

old. 

Inor- 
ganic. P 
per 100 
cc. of 
serum. 

Remarks. 


gm. 

gm. 

gm. 

gm. 

gm. 

mg. 




39 

300 

470 

390 



2.41 

Killed for blood. 

40 

230 

410 

400 



1.59 

u 

u 

it 

41 

250 

460 

450 



2.41 

a 

a 

it 

42 

245 

390 

485 

470 


3.75 

iC 

u 

it 

43 

220 

330 

440 

430 


3.70 

it 

i( 

u 

44 

220 

340 

445 

435 


2.80 

u 

it 

it 

23 





430 

7.13 

n 

it 

it 

33 





640 

5.82 : 

« 

it 

ii 

38 





520 

9.40 

« 

it 

it 


a blood analysis. At the same time three individuals from Group 
2, receiving the cod liver oil, were killed for blood analysis to serve 
as comparisons. The records of the weights of the entire group 
of transferred birds, as well as the data on blood analysis of this 
group and the blood analysis of those from Group 2, killed at the 
same time that Nos. 42, 43, and 44 were killed, are given in Table 
IV. 

The amount of inorganic phosphorus in the blood of this trans- 
ferred group tends to run low and the data harmonize fairly well 
with the observations on the group started at hatching and re- 
ceiving no cod liver oil (Table III). There are some variations 
and we are not sure whether these are to be explained as inherent 
faults in the method of determining inorganic phosphorus or to 
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the shorter time of exposure of the individuals in this group to 
the diet free from cod liver oil. The blood of the birds receiving 
the cod liver oil was distinctly and uniformly higher in inorganic 
phosphorus than the blood from the birds not receiving cod liver 
oil. These additional data support the view that in this species, 
as has been reported for infants, the amount of inorganic phos- 
phorus in the blood may be below the normal amount where the 
supply of the fat-soluble vitamine (?) or the supply of particular 
mineral constituents of the diet is low in amount. 

SUMMARY. 

1. We have been able to rear baby chicks under confinement 
to weights of 800 gm. or more where the diet consisted of white 
corn, skimmed milk, a simple salt mixture, and cod liver oil. A 
litter of shavings was provided. Vigorous and apparently normal 
birds were produced. We did not carry this group longer than 
11 weeks which usually is past the critical stages of early growth. 

2. It appears that this species requhes a liberal supply of the 
vitamines of cod liver oil during its most active period of growth, 
but that the water-soluble and antiscorbutic vitamine require- 
ment can be met by the amounts contained in a cereal grain and 
skimmed milk. However, it is possible that under certain con- 
ditions the water-soluble vitamine supplied by a cereal grain would 
be too low in amounts. This point is under investigation. 

3. When the cod liver oil was omitted from the ration the 
animals died in 4 to 6 weeks. The gross symptoms in some cases 
were those described by poultryinen as leg weakness. In other 
cases death was sudden. The inorganic phosphorus content of 
the blood of the birds in this group was low as compared with those 
receiving cod liver oil. This condition has been observcKl in 
infants suffering from rickets. 
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A METHOD FOR THE DIRECT DETERMINATION OF 
URIC ACID IN URINE. 


By STANLEY R. BENEDICT and ELIZABETH FEANKE. 

(From the Department of Chemistry, Cornell University Medical College, 

New York City.) 

(Received for publication, April 7, 1922.) 

In a previous paper one of us^ described a method for the direct 
determination of uric acid in tungstic acid blood filtrates, based 
upon the use of an arsenic phosphoric tungstic acid reagent. On 
account of the high specificity of this reagent for uric acid we 
were led to try its application for uric acid determination in urine 
without previous separation of the uric acid. The results obtained 
in this connection have proved very satisfactory. With the 
new procedure the determination of uric acid in urine is quite 
as simple as the creatinine determination. 

The new procedure is as follows. 

Solutions Required. 

1. Reagent . — The reagent employed is the one used in the new 
procedui'e for the direct determination of uric acid in blood, ^ 
and is prepared as follows. 100 gm. of pure sodium tungstate 
(Primes brand, Merck’s, or J. T. Baker’s c. p. product) are placed 
in a liter Pyrex flask and dissolved in about 600 cc. of water. 
50 gm. of pure arsenic acid (As^Oe) are now added, followed by 
25 cc. of 85 per cent phosphoric acid and 20 cc. of concentrated 
hydrochloric acid. The mixture is boiled for about 20 minutes, 
cooled, and diluted to 1 liter. The reagent appears to keep 
indefinitely. 

2. Sodium Cyanide . — 5 per cent solution of sodium cyanide, 
which should be prepared fresh once in about 2 months, is used. 

S. Uric Acid . — A standard solution of uric acid, acidified with 
hydrochloric acid, containing 0.2 mg. of uric acid in 10 cc., is 

1 Benedict, S. R., J. Biol. Chem., 1922, li, 187. 
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employed. This solution, may be readily prepared by dilution 
of the phosphate standard uric acid solution described by Bene- 
dict and Hitchcock,^ as follows. 50 cc, of the phosphate stand- 
ard solution (containing 10 mg. of uric acid) are measured into a 
500 cc. volumetric flask and diluted to about 400 cc. with dis- 
tilled water. 25 cc. of dilute hydrochloric acid (made by diluting 
1 volume of the concentrated acid with 9 volumes of water) are 
added, and the solution is diluted to 500 cc. and mixed. This 
dilute standard solution should be prepared fresh from the phos- 
phate standard every 10 days to 2 weeks. 

Procedure . — The urine is so diluted that 10 cc. will contain 
between 0.15 and 0,30 mg. of uric acid. (Usually a dilution of 

1 to 20 is satisfactory.) 10 cc, of the diluted urine are measured 
into a 50 cc. volumetric flask, 5 cc. of the 5 per cent sodium cyanide 
solution are added from a burette, followed by 1 cc. of the arseno- 
phosphotungstic acid reagent. The contents of the flask are 
mixed by gentle shaking, and at the end of 5 minutes diluted to 
the 50 cc. mark with distilled water and mixed. This blue solu- 
tion is then compared in a colorimeter with a simultaneously 
prepared solution obtained by treating 10 cc. of the standard 
uric acid solution (0.2 mg. of uric acid) in a 50 cc. flask with 5 cc. 
of the sodium cyanide solution, 1 cc. of the reagent, and diluting 
to the mark at the end of 5 minutes. The calculation of results 
is very simple. The reading of the standard (15 or 20 mm.) 
divided by the reading of the unknown, and the result multiplied 
by 0.2, gives the milligrams of uric acid contained in the 10 cc. 
of diluted urine used in the unknown. 

Some explanatory remarks in connection with the technique 
may be of value. The proportional depth of color for uric a(dd 

^ Tiie phosphate standard solution of Benedict and Hitchcock is pre- 
pared as follows. Dissolve 9 gm. of pure crystallized disodium hydrogen 
phosphate together with 1 gm. of inonosodium dihydrogen phosphate in 
200 to 300 cc, of hot water. Filter if not perfectly clear and make up to 
about 500 cc. with hot water. Pour this warm solution upon exactly 
200 mg. of uric acid suspended in a few cc. of distilled water in a liter flask 
and shake gently until all the uric acid passes into solution. Cool the 
solution, add exactly 1.4 cc. of glacial acetic acid, dilute to 1 liter, and mix. 
5 cc. of chloroform are then added to prevent bacterial growth. 5 cc. of 
this standard solution contain 1 mg. of uric acid. Unless kept in an 
excessively warm place the solution may be relied upon to keep for 

2 months. 
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concentrations varying between 0.15 and 0.30 mg. is almost abso- 
lutely exact under the conditions indicated, when 0.2 mg. of 
uric acid is used as the standard. Outside of this range the 
results are not quite satisfactory, and cannot be materially im- 
proved by greater or less dilution of the unknown. It is essential 
that the volume of the unknown and of the standard be the same 
during the period of the reaction. This volume may be 15 cc., 
instead of the 10 cc. indicated, if desired for any special reason, 
but in such cases the standard must be diluted to the same volume 
before addition of the reagents. 

It may be noted that the procedure for urine differs from that 
proposed for blood in that the reacting mixture is not heated in 
the case of the urine determination. This is because in this 
latter determination we have a relatively large quantity of uric 
acid present, and perfectly satisfactory results can be obtained 
by making use of the eciuilibrium point of the reaction reached 
in 5 minutes under the fixed conditions. If it were necessary, 
owing to lack of sufficient urine to supply 0.2 mg, of uric acid, 
we could undoubtedly work with about one-tenth of this amount 
under conditions similar to those adopted for the blood. 

About 50 samples of human urine have been analyzed by both 
the new method and the Benedict-Hitchcock^ procedure. Many 
of the samples examined contained large quantities of albumin, 
glucose, or diacetic acid. None of these substances interfere 
with the new method to the slightest degree except albumin. If 
this latter substance is present in appreciable amounts it is best 
to remove it by heat coagulation in presence of a drop of acetie 
acid, and filtration, prior to making the determination. lu no 
urine analysis which we have made have we encountered turbidity, 
or the slightest difficulty in matching the shade of color obtained 
in the standard and the unknown. Comparative figures obtained 
on 25 samples of human urine (selected at random from all those 
we have analyzed) by the new method and by the Benedict-Hitch- 
cock procedure are given in Table L We also analyzed many of 
these samples by the new procedure of Folin and Wu/ and ob- 
tained figures essentially duplicating those obtained by the two 
methods reported. Since the Folin-Wu method appears to us 

® Benedict, S. E., and Hitchcock, E, H., /. Biol Chem.^ 1915, xx, 619. 

^ Folin, 0., and Wn, H., /. Biol Chem,, 1919, xxxviii, 459. 
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to offer no advantage in technique over the Benedict-Iiitclicock 
procedure, and relatively weak colors are obtained for the final 

TABLE I, 

Showing Comparative Figures for Uric Acid in Human Urine hy the 
Proposed Method and hy the BenedicUHitchcock Modification 
of the Folin-Denis Method, 



Uric acid. 


Sample No, 

Benedict- 
Hitch cock pro- 
cedure.* 

Proposed 

method.* 

Remarks. 


mo. 

mg. 


1 

586 

569 

Normal. 

2 

293 

285 

a 

3 

829 

855 

Albuminuria. 

4 

881 

851 

Diabetes. 

5 

745 

751 

u 

6 

416 

392 

Albuminuria. 

7 

680 

660 

Indicanuria. 

8 

653 

639 


0 

684 

680 

N ormal. 

10 

837 

813 1 

C( 

11 

416 

401 

i< 

12 

1,010 

988 

« 

13 

821 

831 

ii 

14 

421 

414 

Albuminuria. 

15 

660 

650 

N ormal. 

16 

590 

575 

Diabetes. 

17 

296 

270 


18 

580 

550 

Normal. 

19 

832 

860 

it 

20 

190 

180 

ii 

21 

490 

482 

Diabetes. 

22 

530 

524 

! Normal. 

23 

870 

876 

t( 

24 

290 

282 

Albuminuria. 

25 

665 

653 

Normal. 


The figures represent milligrams of uric acid per liter of urine. 


reading we have not included the figures by this method in the 
table. 

An inspection of the figures reported in Table I shows, we be- 
lieve, very satisfactory agreement between the results by the two 
processes. That there is no substance, which reacts in the new 
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method, other than uric acid present in the urine, is clearly shown 
by the definite tendency to lower slightly the figures shown by 
the new method. It is also interesting to note in this connection 
that dogs’ urine, which is relatively rich in phenol bodies, but 
very low in uric acid content (except the urine of the Dalmatian 
dog) gives only a trace of color by the new method, corresponding 
to an output of only a very few milligrams of uric acid for 24 
hours. Thus the new method appears suitable for work mth 
urines of widely varying species, though we have not yet investi- 
gated this point in any detail. 

The fact that urines, in spite of their high content of phenol- 
reacting bodies, contain no substance which appears to interfere 
with the direct use of the new reagent to the slightest degree, 
adds very definite support to the view that this reagent is safe 
for the direct determination of uric acid in blood filtrates 

We are at present studying the possible applications of arsenic 
molybdic tungstic compounds to the determination of phenols 
in blood and in urine. 




THE THRESHOLD OF KETOGENESIS.^ 


By RUSSELL M. WILDER and MALCOLM D. WINTER, t 
(From the Divison of Medicine , the Mayo Clinic, Rochester.) 

(Received for publication, April 11, 1922.) 

It is recognized that diets so unbalanced as to contain greatly 
disproportionate amounts of fat lead to the formation and ex- 
cretion of acetoacetic acid, jd-hydroxybutyric acid, and acetone. 
The accumulation of these substances depends on the ratio exist- 
ing between the ketogenic substances, particularly fatty acids and 
the glucose of the metabolizing foods. That ratio at which signifi- 
cant ketosis first appears may be called the threshold of keto- 
genesis. Accurate knowledge of the value of this tlxreshold is a 
matter of importance in gauging the safety of diets high in fat 
such as may be used in diabetes. Zeller (19), Lusk (4), Ringer 
(7), Woodyatt (17, 18), Shaffer (8, 9), Palmer (6), Hubbard (2), 
Hubbard and Wright (3), and others have contributed data to 
the subject. Woodyatt (18) has discussed the problem with 
great lucidity and Shaffer (8, 9) has reported investigations which 
have stimulated thought and study. 

With mixtures of varying proportions of acetoacetic acid and 
glucose in alkaline hydrogen peroxide, Shaffer (8, 9) beheld in 
the test-tube what he considered to be an in vitro analogy to the 
action of glucose in abolishing or preventing the formatipnof 
acetoacetic acid in man. When the proportion of acetoacetic 
acid to glucose in such mixtures was that of 1 (or possibly 2) 
molecules of acetoacetic acid to 1 of glucose, the former substance 
was completely oxidized. When the proportion of glucose was 
less, a considerable fraction of acetoacetic acid escaped oxidation. 
In these papers, Shaffer calculated the number of molecules of 
ketogenic material and the number of molecules of glucose in the 
determined metabolism of several human subjects and concluded 

^ Presented before the American Society for Clinical Investigation at 
Washington, D. C., May, 1922. 

t Fellow in medicine, Mayo Foundation. 
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that the maximal ratio compatible with the oxidation of the keto- 
genic compounds was reached when the number of ketogenic 
molecules just equalled the number of glucose molecules, a ratio 
of 1:1. He subsequently modified this conclusion (11), and now 
considers that each glucose molecule is ketolytic for 2 molecules 
of acetoacetic acid, a 2:1 ratio. Woodyatt (18) and likewise 
Hubbard and Wright (3) have based working formulas for calcu- 
lating diets on a 1:1 ratio. 

Our interest in the ketogenic threshold was stimulated by 
Shaffer’s first paper and we were encouraged to pursue the study 
because at the time we were trying, for diabetic patients, diets 
relatively high in fat such as had been proposed by Newburgh 
and Marsh (5). We found that we were feeding mixtures of food 
in which the ratios of ketogenic molecules to glucose molecules, 
as calculated b}^ Shaffer’s method, were considerably higher than 
1:1, Despite this we were not provoking any appreciable ketosis. 
This was true at least under the conditions observed. The pro- 
tein in the diets did not exceed 1 gm. for each kilo of the subject’s 
body weight and the total calories of the diets were not above the 
caloric needs of the patients. We recognized, however, that these 
food mixtures did not necessarily represent the composition of 
the mixtures which were actually burning and the next step was 
an endeavor to determine the value of the ratio between the fatty 
acid molecules and the glucose molecules in the burning mixture. 
Our first thought was that the non-protein respiratory quotient 
and the Zunz-Schumburg (4) tables would give us this informa- 
tion, but in this we were disappointed. We depended, for our 
respiratory metabolic data, on methods involving indirect calor- 
imetry and short period observations; respiratory quotients 
obtained under these circumstances cannot mirror the relative 
proportions of fat and carbohydrate engaged in the total metab- 
olism of 24 hours. This has been discussed in another communi- 
cation (16) and is in agreement with conclusions reached by 
Shaffer (10). A more reliable method of determining -the com- 
position of the burning mixture is the following: 

The basal metabolic calories may be accurately measured by 
short period observations, and if the patient is confined to bed, 
the extra energy exchange due to the specific dynamic action 
of food and that resulting from movements in bed may be esti- 
mated as 20 per cent of the basal calories with a reasonable degree 
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of correctness. An approxinaation of the total metabolism for 
24 hour periods may thus be reached. The nitrogen elimination 
for 24 hour periods being also determinable, the calories from 
the protein metabolism are known, each gram of urinary nitrogen 
representing 26.51 calories. If a low carbohydrate quota (60 gm. 
or less each day) is maintained for several days, it is reasonably safe 
to assume that all of the carbohydrate included in the diet is 
burned. The calories from the fat metabolism are obtained by 
subtracting the sum of the calories of the protein and the 
carbohydrate metabolism from the total calories of the day. 

Employing the values of fat, protein, and carbohydrate secured 
in this manner, we calculated the ketogenic ratios of a group of 
patients on high fat diets. The results in one such patient have 
been reported elsewhere (15, 16). This patient was a young 
woman with diabetes of the acute, progressive type, and on two 
occasions the dextrose-nitrogen ratio of the urine reached 3.65:1 
and continued at this height for 4 consecutive days. On both 
occasions, acetone bodies accumulated in the blood and coma 
threatened. The rising acidosis was checked by a diet in which 
the proportion of fat was very high, and an analysis of the mix- 
ture actually metabolized after acidosis was controlled revealed 
ratios of ketogenic molecules to glucose molecules of 1.5:1 and 
1.8:1, respectively. 

The present report is concerned with the determined composi- 
tion of metabolizing food mixtures in sixteen other patients. 
Three of these patients had epilepsy but were, in other respects, 
apparently normal. Thirteen had diabetes; two of these suffered 
from mild, acute infections. None of the epileptic patients had 
convulsions and the diabetic patients were without glycosuria 
at the time of the investigation. The patients were confined to 
their rooms during the 3 days preceding the test; on the day before 
the test and on the day of the test, they remained in bed. 
During this period, each received a constant diet. The food 
consisted- of rice, soy bean bread enriched with fat, butter, and 
cream; its composition was calculated from the Atwater-Bryant 
tables. The daily food allowance did not exceed in caloric value 
the energy needs of the patient and the protein quota was less 
than 1 gm. for each kilo of body weight. Precautions were taken 
to secure accurate collections of urine. Daily determinations 
of urinary nitrogen were made by means of the Kjeldahl method. 
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Van Slyke’s methods were followed for acetone bodies of the 
urine and blood (Van Slyke and Fitz, 14), and for the carbon 
dioxide-combining power of the plasma. The basal respiratory 
metabolism and respiratoiy quotients were secured by the gas- 
ometer method as described by Boothby and Sandiford. The 
calculations of metabolizing mixtures and the ratios of ketogenic 
molecules to glucose molecules in these mixtures are based on 
assumptions, which, for the sake of clarity will be restated. 

Assumptions Involved in Calculating the Metabolizing Mixture. 

1. The total energ^^ exchange, or total metabolism, is accurately 
represented by the basal calories for 24 hours plus 10 per cent 
for the specific dynamic action of food and 10 per cent for move- 
ments. This assumption is justified if the patient is confined 
to bed during the test day and for 1 or more preceding days, as 
was the case in these experiments. 

2. All glucose derived from the food (carbohydrate, protein, 
and fat) is burned. This assumption is justified, provided the 
subject has received relatively little carbohydrate and protein 
for several days preceding the test, and provided the diet does 
not exceed the energy and nitrogen requirements of the subject, 
as was the case in these experiments. The total amount of car- 
bohydrate in the diet of a patient with diabetes must not exceed 
the tolerance for carbohydrate if this assumption is to hold. 
Furthermore, carbohydrate starvation may very well increase 
the avidity with which glucose is stored as glycogen, so that less 
than the amount of glucose derivable from the food will actually 
burn. Errors of this kind would tend to give erroneously low 
values for calculated ketogenic ratios. 

3. No carbohydrate from endogenous sources (glycogen) is 
burned. Such an assumption is naturally precarious. It is 
presumed, however, that the glycogen stores of patients who are 
on a regime very low in carbohydrate are retained, ten- 
aciously. An error from this source would tend to give erroneously 
high values for calculated ketogenic ratios. 

4. The nitrogen in grams in a 24 hour specimen of urine multi- 
plied by 26.51 is the number of calories from the protein metab- 
olized. 

Given: the total metabolism Af, the grams of carbohydrate of 
the food C , and the grams of nitrogen of the urine V. The amount 
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of fat F ill the metabolizing mixture is calculated from the equa- 
tion: 

M -- (C X 4.1) + (i\r X 26.51) 

9.3 

The values for carbohydrate and fat thus obtained are used 
ill the calculation of the ratio between the ketogenic molecules 
and the glucose molecules as follows: 

Assumptions Involved in Calculating the Ratio of Ketogenic Mole- 
cules to Glucose Molecules y (the K : G ratioy (Shaffer 8, 9). 

1. 1 gm. of fat, molecular weight S74 ~ 'sh X 3 = 0.00343 gm. molecules 
of ketogenic fatty acid. Let a = grams of fat X 0.00343. 

2. 1 gm. of urinary nitrogen == 0.01 gm. molecules of ketogenic sub- 
stance. Let h ~ grams of nitrogen of 24 hour urine X 0.01. 

This is based on Osborne’s analysis of ox muscle as modified by Lusk (4) 
and is derived as follows: 


Ketogenic J.mino-Acids in 100 Gm. of Muscle Protein. 



Grams. 

Molecular 

weight. 

Grn. molecules. 

Leucine 

14.3 

131 

0.109 

Phenylalanine 

4.5 

165 

0.027 

Tyrosine 

4.4 

j 181 

0.024 


Sum for 16 gm. of nitrogen 

0.160 

Sum for 1 gm. of nitrogen 

0.010 



3. 1 gm. of glucose (carbohydrate), molecular weight 180 == xiff or 
0.00556 gra. molecules of glucose. Let c — grams of carbohydrate X 0.00556. 

4. 1 gm. of nitrogen of the urine = tfff X 3.65 or 0.02 gm. molecules of 
glucose. This is based on the assumption that 3.65 gm. of glucose are 
liberated from protein with each gram of nitrogen. Let d = grams of nitrogen 
of 24 hour urine X 0.02. 

5. 1 gm. of fat, molecular weight 874 = or 0.00114 gm. molecules of 
glycerol 4- 2 =s 0.00057 gm. molecules of glucose. Let e = grams of fat X 
0.00057. 

cn Hh 5 

The K:G ratio == — ; — — 
c + » "T s 


^ Kecently ShajBfer (11) has revised some of the assumptions involved 
in these calculations, but inasmuch as his original assumptions are in 
closer agreement with those generally accepted, we have preferred to use 
them at this time. The results of the calculations do not differ materially 
from what they would be if his revised assumptions were adopted. 
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TKBIJB I— Ratio of Kciogenic Molecules to Glume 


Case No. 

Date. 

Wl 

© 

m 

•p 

j) 

W 

Weight, naked. 

Diagnosis.* 

Food, 3 preceding days 
and test day. 

Nitrogen of urine, 24 hours. 

Metabolism for 
24 hours. 

■+J 

■v 

1 

0 

Protein. 

ft, 

Calories. 

Basal, calories. 

Total (basal plus 20 per 
cent), calories. 








Q 




N 


M 


im 

yrs. 


cm. 

hy. 


qm. 

gm. 

07n. 


gm. 



A366687 

Sept. 10 

44 

M 

162 

58 

E 

0 

0 

0 

0 

6.62 

1,335 

1,602 

A373176 

Oct. 28 

53 

u 

168 

no 

D 

60 

60 

100 

1,422 

8.92 

1,885 

2,260 

A374395 

“ 19 

15 

« 

157 

34 

D 

17 

40 

83 

1,006 

9.03 

1,084 

1,302 

A374229 

Nov. 14 

63 

a 

169 

72 

D 

25 

54 

172 

1,923 

11.53 

1,625 

1,950 

A378133 

Dec. 13 

43 

u 

183 

79 

D 

33 

52 

200 

2, 216 

10.00 

1,768 

2, 122 

A377198 

“ 6 

31 

tt 

173 

56 

D 

23 

37 

140 

1,648 

6.72 

1,243 

1,492 

A368030 

Sept. 5 

14 

(( 

164 

51 

E 

35 

35 

213 

2, 268 

6.23 

1,561 

1,873 

A377653 

Dec. 6 

51 

« 

162 

46 

D 

21 

29 

120 

1 , 321 

4.87 

1, 094 

1,313 

A377262 

Nov. 30 

53 

{< 

183 

81 

D 

22 

60 

166 

1,880 

11.10 

1,807 

2,168 

A371214 

Sept. 14 

30 

(( 

174 

60 

E 

34 : 

45 

196 

2, 147 

7.56 

1,793 

2,152 

A374276 

Oct. 26 

37 

u 

171 

52 

D 

20 

30 

140 

1,507 

9.42 

1,521 

1,825 

A376588t 

Nov, 16 

48 

P 

170 

SS 

D 

30 

60 

149 

1,755 

8.96 

1,805 

2, 161 

A37556U 

“ 9 

31 

« 

163 

39 

D 

14 

10 

86 

902 

5.45 

1,025 

1,230 

A365349 

Aug. 12 

16 

u 

169 

42 

D 

20 

80 

119 

1,313 

4.40 

1, 152| 

1,382 

A370281 

Sept. 13 

14 

M 

157 

33 

D 

14 

10 1 

87 

903 

3.90 

062 

1, 154 

A367133 

“ 13 

23 


170 

42 

D 

14 

10 1 

87 

903 

4.37 

1,080 

1,297 


= epilepsy; D = diabetes. 

t Mild infection as a complication; an acute afebrile nasopharyngitis. 


The important data obtained in these experiments are presented 
in tabular form (Table I). The first case in the series was a 
patient with epilepsy, who had been fasting for 11 clays. Al- 
though he received no food, a knowledge of the total metabolism 
and nitrogen excretion permitted the calculation of the metaboliz- 
ing mixture. The ketogenic ratio of this mixture was 2.8:1 
and accompanying this high ratio, acetone bodies appeared in 
appreciable quantities in both blood and urine. In the other 
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Molecules in Metabolizing Food Mixtures. 


Metabolizing mixture. 

Ketogenic 

molecules. 

Glucose molecules. 

Ratio. 

Ketosis. 

d 

a 

J 

1 

Carboliydrate. 

Protein. 

Fat. 

K 

G 

K:G 


1 

3 

p 

© 

■a 

X 

o 

£0 

•Si 

‘u 

0 

0 

a 

R 

0) 

o 

fi 

d 

u 

0 

IQ 

.§x 

0 

■p 

fl 

CJ 

M 

fn 

o 

X 

a 

d 

+ 

1' 

-p 

a 

© 

© 

© 

ci? 

Ci 

•I* 

m 

a 

d 

p 

0 

eo 

eo 

O 

q 

d 

X 

p 

d 

X 

«3 

O 

§ 

d 

X 

0 

d 

q 

d 

X 

o 

o 

o 

6 

X 

fc. 

1 

rO 

+i 

a 

to 

+ 

+ 

© 

a 

R 

1 

1 CJ 3 

S 0 
033 

S W 
< 

TS 

o 

0 

3 

o 

l©2 

lp> 2 
0 03 
0 © 

!5 

O 

ft 

M 

.a 

‘S 

a 

0 

© 

6 

0 

© 

’43 

1 

•R 

02 

0 

Pi 

X 


c 

F 


i 

z 


F 

a 

h 

c 

d 

e 

i 



1 


















pn. 

mi]. 

I vol. 
per 
cent 


0 

0 

0 

176 

11 

41.4 

1,427 

89 

153.4 

0.526 

0.066 

0 

0.132 

0.087 

2.7 

5.7 

52 

44 

0.69 

■246 

11 

60 

237 

11 

55.8 

1,777 

79 

191.2 

0.656 

0.089 

0.334 

0.178 

0.109 

1 

2 

1.0 

6 

50 

0.75 

70 

6 

17 

239 

18 

56.4 

993 

77 

106.7 

0.366 

0.090 

0.095 

0.181 

0.061 

1.4 

1.2 

16 

46 

0.78 

103 

5 

25 

306 

16 

72.1 

1,541 

79 

166.0 

0.569 

0.115 

0.139 

0.231 

0.095 

1.5 

0.5 

Ij 

62; 

0.73 

135 

6 

33 

265 

13 

02.5 

1,722 

81 

185.2 

0.635 

0.100 

0.183 

0.200 

0.106 

1.5 

0.8 


53 : 

0.73 

94 

6 

23 

17S 

12 

42.0 

1,220 

82 

131.2 

0.450 

0.067 

0.128 

0.134 

0.075 

1.5 

0 

4 

52i 

0.73 

144 

8 

35 

165 

9 

39.0 

1,564 

83 

168.2 

0.577 

0.062 

0.195 

0.124 

0.096 

1.5 

1.8 

171 

56; 

0.71 

* 86 

7 

21 

129 

10 

30.4 

1,098 

S3 

118.1 

0.405 

0.049 

0.117 

0.097 

0.067 

1.6 

0.2 

3’ 

58 

0.72 

90 

4 

22 

297 

14 

69.9 

1,781 

82 

191.5 

0.657 

0.112 

0.122 

0.224 

0.109 

1 

.7 

1.1 

1\ 

55 

0.73 

139 

6 

34 

200 

9 

47.3 

1,813 

85 

194.9 

0.669 

0.076 

0.189 

0.151 

0.111 

1.7 

0.1 

Z 

57: 

0.70 

82 

4 

20 

249 

14 

58.9 

1,494 

82 

161.0 

0.553 

0.094 

0.111 

0.188 

0.092 

1.7 

0.7 

6 

5i; 

0.72 

123 

6 

30 

238 

11 

56.0 

1,800 

83 

193. S 

0.068 

0.090 

0.167 

0.179 

0.110 

1.7 

6.2 

18 

44 I 

0.69 

57 

5 

14 

145 

12 

34.1 

1,028 

83 

110.6 

0.379 

0.055 

0.078 

0.109 

0.063 

1.7 

5.0 

23 

44 

0.66 

82 

6 

20 

117 

8 

27.5 

1, 180 

84 

127.0 

0.436 

0.044 

0.111 

0.088 

0.072 

1.8 

0 

3 


0.76 

57 

5 

14 

103 

9 

24.4 

994 

86 

lOG.S 

0.366 

0.039 

0.078 

0.078 

0.061 

1.9 

0.6 

11 


0.73 

57 

4 

14 

116 

9 

27.4 

1, 124 

87 

121.0 

0.415 

0.044 

0.078 

0.088 

0.069 

2 

.0 

1.2 

10 


0.74 


I Mild infection as a complication; an acute afebrile maxillary sinusitis. 


fif tocn eases the ketogeiiic ratios lay between 1.2:1 and 2:1. Case 
A376588, with a I’atio of 1.7 :1 had an acetone excretion of 6.2 gm. 
and blood acetone of 18 mg. for each 100 cc. Case A375561, 
with a ratio of 1.7 :1 had an acetone excretion of 5.0 gm, and blood 
acetone of 23 mg. for each 100 cc. Both of these cases were 
complicated by afebrile infections. Excepting them, the acetone 
values accompanying ratios between 1.2:1 and 2:1 are such as 
are commonly encountered in what are considered to be well con- 
trolled cases of diabetes and are so small as to be theoretically 
unimportant and clinically insignificant. 
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These results (15) were discussed at the last meeting of the 
American Society of Biological Chemists. They harmonize 
with the conclusions reported by Shaffer (11) at that meeting 
and apparently permit conclusions as follows: 

CONCLUSIONS. 

1. Certain assumptions, stated herein, are employed in the cal- 
culation of the composition of the mixture of food substances 
engaging in metabolism. Under the conditions of these ex- 
periments, provided these assumptions are tenable, the ratio 
between the ketogenic and the glucose molecules at which a 
clinically significant ketosis appears has a value of at least 2:1. 
A ratio of this value implies that every molecule of glucose is 
ketolytic for 2 molecules of acetoacetic acid. 

2. The existence of infection lowers the ketogenic threshold 
so that significant ketogenesis may occur with lower ratios. Other 
factors, thus far undetermined, may also lower this threshold. 
It is advisable, therefore, in planing diets for diabetic patients 
to allow only such food mixtures as will avoid the 2:1 ratio by a 
safe margin. 

BIBLIOGEAPHY. 

1. Boothby, W. M., and Sandiford, I., Laboratory manual of the technic 

of basal metabolic rate determinations, Philadelphia, 1920. 

2. Hubbard, R. S., Determination of the acetone bodies in urine, /. 

Biol, Chem,} 1921, xlix, 357. 

3. Hubbard, E. S., and Wright, F. E., Studies on the acetonuria produced 

by diets containing large amounts of fat, /. BioL Chem,y 1922, 1, 361. 

4. Lusk, G., Elements of the science of nutrition, Philadelphia, 3rd 

edition, 1917, 61, 77, 271-272. 

6. Newburgh, L. H., and Marsh, P. L., The use of a high fat diet in the 
treatment of diabetes mellitus, Arch. Int. Med,, 1920, xxvi, 647. 

6. Palmer, W. W., Carbohydrate-fat ratio in reference to the production 

of ketone bodied diabetes, Med, Rec,, 1921, c, 172. 

7. Einger, A. I., Studies in diabetes. I. Theory of diabetes, with con- 

sideration of the probable mechanism of antiketogenesis and the 
cause of acidosis, J, Biol, Chem,, 1914, xvii, 107, 

8. Shaffer, P. A., Antiketogenesis. I, An in vitro analogy, J, Biol, 

Chem,, 1921, xlvii, 433. 

9. Shaffer, P. A., Antiketogenesis. II. The ketogenic antiketogenic 

balance in man, J. Biol. Chem,, 1921, xlvii, 449. 

10. Shaffer, P. A., Antiketogenesis. III. Calculation of the ketogenic 
balance from the respiratory quotients, J. Biol. Chem,, 1921, 
xlix, 143. 



R. M. Wilder and M. D. Winter 


401 


11. Shaffer, P. A., Antiketogenesis. The ketogenic-antiketogenic balance 

in man and its significance in diabetes, J. Biol. Chem., 1922, 1, p. xxvi. 

12. Van Slyke, D. D., Studies of acidosis. II. A method for the determina- 

tion of carbon dioxide and carbonates in solution, J. Biol. Chem., 

■ 1917, XXX, 347. 

13. Van Slyke, D. D., Studies of acidosis. VII. The determination of 

/3-hydroxybutyric acid, acetoacetic acid, and acetone in urine, /. 
Biol. Chem., 1917, xxxii, 455. 

14. Van Slyke, D. D., and Pitz, R., Studies of acidosis. VIII. The deter- 

mination of /S-hydroxybutyric acid, acetoacetic acid, and acetone in 
blood, J. Biol. Chem., 1917, xxxii, 495. 

15. Wilder, R. M., Boothby, W. M., and Beeler, C., Studies of the metab- 

olism of diabetes, J. Biol. Chem., 1922, 1, p. xxviii. 

16. Wilder, R. M., Boothby, W. M., and Beeler, C., Studies of the metab- 

olism of diabetes, J. Biol. Chem., 1922, li, 311. 

17. Woody att, R. T., The action of glycol aldehyd and glycerin aldehyd 

in diabetes mellitus and the nature of antiketogenesis, J, Am. Med. 
Assn., 1910, Iv, 2109. 

18. Woodyatt, R. T., Objects and method of diet adjustment in diabetes, 

Arch. I7ht. Med., 1921, xxviii, 125. 

19. Zeller, PI., Einfiuss von Fett und Kohlehydrate bei Eiweishunger auf 

die Stickstolf Ausscheidung, Arch. Physiol., 1914, 213. 




THE ROLE OF CYSTINE IN THE DIETARY PROPERTIES 
OF THE PROTEINS OF THE COW-PEA, VIGNA 
SINENSIS, AND OF THE FIELD PEA, 

PISUM SATIVUM.* 

By a. J. finks, D. BREESE JONES, and CARL O. JOHNS. 

{From the Protein InveHigation Laboratory ^ Bureau of Chemistry^ United 
■ States Department of Agriculture, Washington,) 

(Received for publication, IMarcli 23, 1922.) 

The large production of the cow-pea, the best known and most 
extensively grown leguminous crop of the southern states (1), and 
of the field pea, one of the most important legumes cultivated in 
the northern states and in Canada, makes the study of the nutri- 
tive value of their proteins of particular interest. Another con- 
sideration adds to the interest of this study. Botanically, the 
cow-pea is more closely related to the bean (Phaseolus) than to the 
pea {Pisum), On the basis of this relationship, it might be pre- 
dicted that the proteins of the cow-pea would be limited in their 
nutritive value by the same factors which \Ye have found in the 
case of the navy (2), lima (3), and adsuki (4) beans; namely, a 
deficiency in cystine and, in the case of the navy and lima beans, 
the need of cooking. 

The experiments recorded in this paper show that these two 
limiting factors also apply to the proteins of the «ow-pea. The 
field pea, on the other hand, is not limited in its nutritive proper- 
ties by these factors, since satisfactory growth of young albino rats 
was obtained with the peas cither raw or cooked, and without the 
addition of cystine in a diet adequate with reference to the other 
essential dietary factors.^ 

* A preliminary report of this paper was presented at the Fifteenth 
Annual Meeting of the American Society of Biological Chemists held in 
Chicago, December 28 to 30, 1920 (cf. Johns, G. 0., and Finks, A. J., J, 
Biol. Chem., 1921, xlvi, p. xxv.) 

^ The inorganic constitutents of the diet were furnished by the salt mix- 
ture of Osborne and Mendel (Osborne, T. B., and Mendel, L. B., J. Biol. 
Chem., 1917, xxxii, 374.) 
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Some confuBion of names has arisen both between the cow-pea, 
Vigm sinensis, and the field pea, Pisum sativum, and between 
the latter and the vetch, Vicia sativa, which is sometimes erro- 
neously referred to as “peas.’^ In the southern states the cow-pea 
is frequently called the field pea or simply pea. Furthermore, 
according to Dr. C. V. Piper, ^ 

'‘The true pea (Pisum sativum) consists of two groups of varieties, the 
sugar or garden peas whose seeds wrinkle when dry, and the field peas which 
remain smooth and round when dry. The former are grown only for human 
food and eaten green; the latter are used largely for forage, particularly in 
Canada, and are therefore called Canada field peas. The split peas of the 
market are field peas. The vetch, Vicia sativa, is used as forage. Most 
varieties have dark colored seeds and are not used as human food. One 
variety with straw-colored seeds is, however, used sparingly after the man- 
ner of lentils for food.^' 

Nutritive Value of the Proteins of the Cow-Pea, Vigna sinensis. 

In the practical feeding of farm animals the cow-pea has been 
generally recognized as having a high feeding value when incor- 
porated with other feedstuffs, in the general diet. Furthermore, 
it is considered a very palatable and nutritious human food. As 
far as the authors are aware, however, the nutritive value of the 
total proteins of the cow-pea when fed as the sole source of protein 
in the diet has not been investigated. 

In feeding experiments with the isolated globulin vignin, the 
chief protein of the cow-pea, Osborne and Mendel (5) found it to 
have a relative nutritive value slightly greater than that of wheat 
gliadin. The proteins of the cow-pea have been chemically studied 
by Osborne and Campbell (6), who isolated three globulins, one 
of which very closely resembled phaseolin, the chief protein of 
the navy bean. Vignin, the chief globulin of the cow-pea, was 
later hydrolyzed (7) and the amino-acids were determined. The 
results of this hydrolysis show that, aside from cystine which was 
not determined, the amino-acids which are known to be nutri-' 
tionally essential are present in this protein in amounts adequate 

2 By personal communication from Dr. C. V. Piper, Agrostologist in 
charge of Forage-Crop Investigation, Bureau of Plant Industry, United 
States Department of Agriculture. 
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to fulfill the requirements of normal nutrition. Although the 
percentage of tryptophane was not determined, it was shown to be 
present. The close relationship of the cow-pea to the beans of 
the genus Phaseolus, not only botanically, but also with reference 
to chemical and nutritive properties, is shown by the foregoing 
studies. 

The cow-peas used in our experiments were of two varieties,® 
the Groit and the Brabham. The former has a ground color of 
buff, marbled with brown and thickly sprinkled with minute 
blue specks, while the latter variety is buff, marbled with brown. 
No difference was observed in the results obtained when either of 
the two varieties was used. The meal as used in the experimental 
diets contained 23.6 per cent of protein (N X 6.25). Growth was 
obtained at only one-third to two-thirds of the normal rate with 
either the raw or cooked meal when no cystine was added. Addi- 
tion of cystine to the extent of 0.33 per cent of the diet produced 
little or no better results when the raw meal was used. However, 
when this same amount of cystine ■was added to the diet contain- 
ing the cooked cow-pea meal growth was obtained at the normal 
rate. The composition of the diet and the results of these experi- 
ments are recorded on Charts 1 and 2. 

Nutritive Value of the Proteins of the Field Pea, Pisum sativum. 

The field pea has been extensively used in feeding farm animals. 
It w’-as found by Murray (8) to be very efficient in a ration for 
milch cows, especially when the peas were mixed with oats, while 
Carlyle (9) found that the peas used alone as the grain part of a 
ration are no better than corn with respect to the amount of growth 
produced. 

Pea meal has been shown by Osborne and Mendel (10) to sup- 
plement satisfactorily the deficiencies of corn proteins when fed in 
a diet containing 15.7 per cent of protein, 7.8 per cent of which 
was furnished by corn gluten. 

3 The cow-peas used in these experiments were furnished by the Bureau 
of Plant Industry, United States Department of Agriculture. A descrip- 
tion of these seeds is given by W. J. Morse in Farmers BullsAUS and 116$, 
United States Department of Agriculture. 










408 


The Role of Cystine 


McCollum^ Simrnonds, and Parsons (ll), in an article on tlie 
“Dietary properties of the pea, Vida sativa/^ describe feeding 
experiments conducted with rats, in which the seeds they used con- 
stituted the sole source of protein in an otherwise adequate diet. 
They obtained only slow growth with early stunting, from which 
they concluded that the “pea proteins are of very poor quality/^ 
It is to be noted, however, that the seeds thej^ used were Vida 
sativa, and not Pismi sativum. 

Sure (12) has recently reported that in feeding experiments to 
determine whether proline is the growth-limiting factor in the 
proteins of Vida sativa, which McCollum, Simmonds, and Parsons 
had previously shown to be nutritionally inadequate, he found 
several individuals in one lot of rats that grew at an almost normal 
rate. The explanation of these unexpected results was made 
clear when a new shipment of seeds which this particular lot of 
rats had been receiving were identified as Pisum sativum. 

The peas used in our experiments were obtained in the open 
market as dried, smooth, yellow, split peas, and were identified as 
Pisum sativum^^ the common field pea. When the meal obtained 
by grinding these peas was fed, either raw or cooked, to albino rats 
in a diet of which it constituted 75 per cent, equivalent to 20 per 
cent of protein, growth was obtained at the normal rate (Chart 
3) . Growth at practically the normal rate was also obtained when 
the field peas constituted 61 per cent of the diet, equivalent to 
16.5 per cent of protein (Chart 4). 

Relative Effidency of the Proteins of the Cow-pea and of Those 
of the Field Pea, 

Accurate records of the food intake were made, and the gain in 
weight per gram of protein ingested calculated. From Table I it 
will be seen that during the 10 week period the proteins of the field 
pea, and those of the cooked cow-pea, plus cystine were utilijsed 
equally well, while the proteins of the cow-pea, raw, plus cystine, 
or cooked without cystine, were less than half as well utilizied as 
those of the field pea. 

^ The identification of these peas was made by Dr. W. W. Tracy, Sr., of 
the Office of Horticultural and Pomological Investigations, Bureau of Plant 
Industry, United States Department of Agriculture. 
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The results of these feeding experiments indicate a fundamental 
difference in the quality of the proteins of the cow-pea and those of 
the field pea, and show that the nutritive shortcomings of the pro- 
teins of the cow-pea are to be ascribed to the same causes as those 
found in the case of the beans of the genus Phaseolus; namely, a 
deficiency in cystine and a form of indigestibility which can be 
remedied by cooking. That this increase in the nutritive value 
brought about by cooking is to be asciibed to an improvement in 
digestibility has been shown in the case of the proteins of the navy 
bean, Phaseolus vulgaris^ in a previous publication from this labo- 
ratory (13), by means of digestion studies in vitro. 


TABLE I. 

Average Gain of Body Weight per Gram of Ingested Protein. 



Cow-pea diet.* 

Field pea 
diet.* 


Cooked. 

Raw 4* 
cystine. 

Cooked -f 
cystine. 

Raw. 

Gain per gm. of protein ingested (4 week 

gm. 

gm. 

gm. 

gm. 

period) 

Gain per gm. of protein ingested (10 

0.61 

0.90 

0.90 

1.49 

week period) 

0.45 

0.43 

1.01 

1.01 


* 16,5 per cent protein in the diet. 


SUMMAET. 

The proteins of the cow-pea, Vigna sinensis^ like those of the 
beans of the genus Phaseolus, are limited in their nutritive value 
by a deficiency of cystine and by an indigestibility which can be 
remedied by cooking. Only one-third to two-thirds of the normal 
rate of growth of albino rats was obtained on a diet in which 70 
per cent of cow-pea meal, equivalent to 16.5 per cent of protein, 
furnished the sole source of protein. 

Field pea (Pisum sativum) meal, fed at the same protein level, 
enabled rats to grow at a practically normal rate without the addi- 
tion of cystine or cooking. 

The proteins of the field pea and those of the cooked cow-pea 
plus cystine were equally efficient in promoting growth at a prac- 
tically normal rate, while the proteins of the cow-pea raw, plus 
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cystine or cooked, without cystine, were less than half as well 
utilized as those of the field pea. 
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THE DETERMINATION OF MAGNESIUM IN BLOOD, 
PLASMA, AND SERUM. 

By W. denis. 

(From the Laboratory of Physiological Chemistry of the School of Medicine^ 
Tulane University, New Orleans.) 

(Received for publication, March 30, 1922.) 

In 1920, I published the description of a method for the deter- 
mination of magnesium in blood (1). This procedure, which was 
adapted for use on the filtrates obtained after the precipitation of 
calcium in whole blood, serum, or plasma by Lyman’s (2) method, 
consisted essential^ in the precipitation of magnesium ammonium 
phosphate and the nephelometric determination of the phosphate 
in this compound by the strychnine molybdate reagent which has 
of late years been used by numerous investigators for the quantita- 
tive determination of small amounts of phosphates. 

A few months after the description of this method had been 
published, there appeared a paper by Bell and Doisy (3) describing 
a colorimetric method for the determination of small amounts of 
phosphate by means of molybdic acid which appeared to offer 
certain distinct advantages over the above mentioned nephelo- 
metric procedure. 

An attempt to apply this colorimetric technique to the deter- 
mination of magnesium ammonium phosphate has given uniformly 
good results, so that for some months I have entirely abandoned 
the use of the nephelometer for this work.^ 

1 In the proceedings of the Sixteenth Annual Meeting of the American 
Society of Biological Chemists published in the February number of the 
Journal of Biological Chemistry, Briggs (Briggs, A. P,, J.Biol.Chem., 1922, 
1 , p. xlviii) has under the title of Colorimetric methods for the determina- 
tion of homogen tisic acid and magnesium^* published the following note: 
^Thosphomolybdic acid is especially susceptible to reduction by p-diphe- 
nols. Advantage of this reaction has been taken, first, to determine homo- 
gentisic acid in alcapton urine, and again to determine magnesium by the 
phosphorus content of the Mg NH 4 PO4 precipitate.’^ In view of the fact 
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Magnesium determinations by the magnesium ammonium phos- 
phate method can be made only on material free from calcium, 
and it is, therefore, the custom to use for this determination the 
filtrate obtained after the precipitation of calcium. 

Much activity has been shown in the past few years in perfecting 
methods for the determination of blood calcium. The procedures 
so far proposed fall into two general classes : Those in which cal- 
cium oxalate is precipitated after the removal of protein, and those 
in which this precipitation is brought about in the presence of 
blood and serum proteins. The latter method of precipitation, 
which has recently been recommended by Kramer, Tisclall, and 
Howland (4) to the exclusion of procedures of the former type, 
seems destined to be extremely popular and I have, therefore, 
carried on a series of experiments to determine the possibility of 
using the magnesium method on the filtrates obtained from both 
the above types of precipitations. 

As an example of a method involving precipitation in a protein- 
free medium I have used filtrates obtained from the determination 
of calcium by the method of Lyman (2), while to test the possi- 
bility of precipitation in a protein-containing liquid I have used 
the supernatant liquids obtained on the determination of calcium 
in serum by the procedure of Clark (5). 

The determination of magnesium in the liquid remaining after 
the precipitation of calcium according to the procedure of Lyman 
is carried on in the following manner. If it is planned to use the 
supernatant liquid from the calcium analysis for the determina- 
tion of magnesium it is best, before the removal of calcium is 
attempted, to evaporate an appropriate quantity (corresponding 
to from 1.5 to 2.0 cc. of blood or serum) of the trichloroacetic acid 
filtrate almost to dryness, about 10 cc. of distilled water are then 
added and in turn allowed to evaporate rapidly. This removes 
most of the trichloroacetic acid, and greatly facilitates the subse- 
quent precipitation of magnesium. After the second evaporation 
about 10 cc. of water are added and the precipitation of calcium 
is accomplished according to the directions contained in Lyman^s 
paper. The supernatant liquid removed from the calcium pre- 
cipitate as well as the portion of ammonium oxalate solution used 

that no details of his procedure are given by Briggs, I have felt it desirable 
to publish a description of the procedure for magnesium determinations 
which has been in use in the laboratory for the past 8 months. ^ 
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for washing is transferred to a 100 cc, beaker and evaporated to 
a volume of 2 ce. To this residue is added 0.5 cc. of a 5 per 
cent solution of ammonium phosphate containing 5 cc. of 
concentrated ammonium hydroxide per liter and 2 drops of 
concentrated ammonium hydroxide. The beaker is then covered 
and allowed to* stand not less than 10 hours. At the end of this 
time the contents of the beaker are transferred to a centrifuge 
tube which is centrifuged for about 5 minutes. The super- 
natant liquid is then syphoned off and the beaker and tube are 
washed with 5 cc. of a mixture of 1 part concentrated ammonium 
hydroxide (sp. gr. 0.9) and 2 parts of water. The wash liquid is 
placed in the tube and after centrifugation is removed from the 
precipitate by syphon. This process is repeated with two more 
portions of wash liquid. After the third portion has been removed 
the tube and beaker are washed with 5 cc. of 75 per cent alcohol 
containing 10 cc. of concentrated ammonium hydroxide per liter, 
and after removal by syphon of this portion of alcoholic ammonia 
the tube and beaker are allowed to stand in a warm place until 
the ammonia has evaporated. 

The magnesium ammonium phosphate is then dissolved in 5 cc. 
of 0.1 N hydrochloric acid, and the solution so obtained transferred, 
with the aid of an additional 5 cc. of 0.1 n hydrochloric acid to a 
25 cc. volumetric flask. 

The remainder of the process consists essentially in the use of 
the technique described by Bell and Doisy (3) for the determina- 
tion of inorganic phosphates in blood. To the solution contained 
in the volumetric flask are added 1 cc. of molybdic acid reagent, 
2 cc. of hydroquinone reagent, and after an interval of 10 minutes 
10 cc. of carbonate sulfite solution, the flasks are then filled to the 
mark with water, and after mixing the contents are read against 
an appropriate standard. 

The most convenient standard is one prepared from magnesium 
ammonium phosphate dissolved in 0.1 n hydrochloric acid; which 
is of such concentration that 6 cc. contain 0.010 mg, of magnesium. 
10 cc. of this standard are placed in a 25 cc. volumetric flask and 
treated with molybdic acid, hydroquinone, and sulfite carbonate 
mixture in the same manner and at the same time as the 
unknown. 
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The determination of magnesium in the supernatant liquid re- 
maining after the direct determination of calcium in serum by 
Clark’s (5) method is as follows: 2 cc. of serum are placed in a 
conical centrifuge tube and to this is added with stirring 1 cc. of 
3 per cent ammonium oxalate solution. After standing over 
night the tube is then centrifuged and the precipitated calcium 
oxalate collected at the bottom of the tube. The above consti- 
tutes the first step of the method of calcium determination advo- 
cated by Clark. 2 cc. of the supernatant liquid are pipetted into 
a 15 cc. centrifuge tube, and to this is added with stirring 0.5 cc. 


TABLE I. 

Recovery of Magnesium Added to Serunij Plasma, and Blood. 


Nature of material. 

Magnesium 
in original 
material 
per 100 cc. 

Magnesium 
added 
per 100 cc. 

Magnesium 
found 
per 100 cc. 

Method of 
calcium 
precipita- 
tion. 

Blood, liiiman.. 

1.6 

0.5 

2.00 

Lyman. 

a 


1.6 

1.0 

2.71 

u 

a 

<< 

1.6 

2.0 

3.80 

££ 

Serum, 

a 

2.0 

0.3 

2.32 


u 

u 

2.0 

0.5 

2.50 

££ 

a 

et 

2.0 

0.9 

2.87 

££ 

u 

i( 

2.0 

0.5 

2.48 

Clark. 

a 

(£ 

2.0 

1.0 

3.06 

££ 

a 

(c ! 

2,0 

2.0 

3.94 

££ 

a 

(£ 

2.0 

2.5 

4.52 

i£ 

Plasma, 

(( 

2.2 

1.0 

3.21 

<< 

Serum, 

dog 

1.9 

0.5 

2.43 

a 

u 

£( 

1.9 

0.8 

2.70 

it 

(£ 

£C 

1.9 

1.0 

2.92 

t£ 


of a 5 per cent solution of ammonium phosphate contaixTiing 5 cc. 
of concentrated ammonium hydroxide per liter. The tube after 
being allowed to stand over night, is centrifuged, the supernatant 
liquid is syphoned off, and the remaining steps of the determina- 
tion are carried on as directed above. 

The method of precipitation and colorimetric determination 
outlined above have been carried out on pure solutions containing 
from. 0.02 to 0.10 mg, of magnesium with an average recovery of 
96 per cent. In Table I are collected the figures obtained on 
various samples of blood plasma and serum before and after the 
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addition of known quantities of magnesium. From these results 
it is apparent that the method can be relied on to give results with- 
in an error of 5 per cent. 
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THE RELATION BETWEEN THE ENDOGENOUS CATAB« 

OLISM AND THE NON-PROTEIN CONSTITUENTS OF 

THE TISSUES. 

By H. H. MITCHELL, W. B. NEVENS, and F. E. KENDALL. 

{From the Departments of Animal Hushandry and Dairy Husbandry ^ Univer- 
sity of Illinois, Urbana.) 

(Received for publication, February 13, 1922.) 

Folin^s theory of protein metabolism has received general rec- 
ognition among writers in nutrition, 'and many of the deductions 
formulated by Folin from observations of the effect of a variable 
protein intake upon the composition of the urine, have been 
strikingly verified by later experimental work. However, other 
theoretical deductions, intimately related to his theory, do not 
occupy such a secure position at the present time. This seems to 
be true particularly of the conception of the endogenous protein 
catabolism as defined and described by Folin in 1905.^ 

Opposed to the theory of Folin that there is a constant basal 
catabolism of protein, commensurate with the protein requirement 
for the maintenance of life, may be placed the more recent theories 
of Sherman^ and of Osborne and Mendel.^ 

Sherman’s theory was advanced primarily to explain the fact 
that the nitrogen of mixtures of amino-acids, so incomplete as not 
to cover the maintenance requirements, may nevertheless be 
utili^ied, often to a large extent, while even single nitrogenous com- 
pounds, such as individual amino-acids or some of the ammonium 
salts may have a favorable influence on the nitrogen balance of 
animals. In accounting for these facts, the conception of the 
reversible reaction has been put forward in relation to the hydrol- 
ysis of tissue proteins and the deamination of the amino-acids 

1 Folin, 0., Am, J, Physiol,, 1905, xiii, 117. 

2 Sherman, H. C., J, Biol. Cheyn., 1920, xli, 97. 

® Osborne, T. B., and Mendel, L. B., J. Biol. Chem,, 1914, xvii, 328. 
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thus formed. It is supposed that the hydrolysis of tissue proteins^ 
constituting the initial step in the endogenous catabolism, may be 
checked or even reversed by an increase in the concentration of 
amino-acids in the tissues during digestion and absorption. Thus, 
any amino-acid will function in the maintenance of body protein, 
though the more complete the mixture of amino-acids coming 
from the intestinal tract the more marked will this effect be, since 
each amino-acid could be expected to check the hydrolysis only 
at the point at which that particular amino-acid would be liberated 
from the protein molecule. According to this theory the utiliza- 
tion of the nitrogen of incomplete mixtures of amino-acids is only 
apparent. The real effect is simply an inhibition or retardation of 
the endogenous catabolism. In a similar way, it is assumed that 
the apparent utilization of ammonium salts is in fact only a re- 
tardation of another reversible reaction, in this case that of the 
deamination of amino-acids. 

The theory of Osborne and Mendel of the endogenous metab- 
olism was advanced specifically to explain why certain proteins, 
notabty the gliadin of wheat, may supply the nitrogenous needs 
of an animal in maintenance, and yet be entirely inadequate for 
the purposes of growth. It was their idea that the maintenance 
protein requirement may in reality be a requirement for definite 
amino-acids that may serve special physiological functions; for 
example, serving as the material for the synthesis of the active 
constituents of the secretions of the endocrine glands. The body 
protein, on a nitrogen-free diet, would thus undergo degradation 
only because by this method some essential amino-acids are 
liberated. The theory is consistent with the view that the endo- 
genous catabolism would be greater on a non-nitrogenous diet 
than on a nitrogenous one, since in the latter case the nitrogenous 
requirements for hormone precursors would be covered by food 
protein, not body protein; hence the hydrolysis of body protein 
would cease, and the endogenous catabolism would be reduced 
to the degradation of the hormones themselves in the course of 
metabolism. The endogenous nitrogen would hence be reduced 
on a diet containing complete proteins, possibly to only a smap 
fraction of its value on a nitrogen-free diet. 

While it is of scientific interest to know why the endogenous 
catabolism occurs and what factors affect it, it is also of practical 
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interest to know whether this disintegration of cellular nitrogenous 
compounds continues at the same rate, whether the animal is 
getting protein in its ration or not. The endogenous catabolism 
of nitrogen seems to be related to the maintenance requirement of 
protein. If Folin^s theory is correct in its entirety, the mainte- 
nance requirement of protein is a constant basal requirement, to 
which must be added the requirements for growth or milk produc- 
tion. In the formulation of feeding standards for farm animals, 
this assumption is always made, the requirement of protein for 
any particular type of production being added to a basal require- 
ment, as determined, by maintenance experiments of one type or 
another. 

If the theory of Sherman is correct, or the theory of Osborne 
and Mendel, no such basal requirement of protein exists, and no 
simple additive relation between a maintenance requirement and 
a requirement of protein for growth, or any other purpose, could 
be assumed. In fact, it may very well be, according to these 
theories, that the endogenous catabolism is largely or entirely 
suppressed when an animal is receiving protein in its food. 

Also in experiments designed to measure the nutritive value, or 
the so called ^^biological value, of proteins for maintenance or 
growth, the question of the reality of a constant basal catabolism 
of protein arises. The often cited work of Thomas on the relative 
value of the proteins of different foods for the maintenance of 
nitrogen equilibrium in the human organism, is based upon the 
assumption of a basal catabolism of protein, commensurate with 
the excretion of urinary nitrogen on a nitrogen-free diet. While 
Thomas^ experimental results are subject to severe criticism, the 
theory upon which his calculations of ^Tiological values” are 
based has not been successfully attacked. On the other hand, the 
recent method proposed by Osborne and Mendel^ of measuring 
the value of different proteins for growth by the ratio of gain 
secured to protein consumed, ignores a possible basal catabolism 
of tissue protein calling for a constant maintenance requirement of 
dietary protein. If such a constant requirement is being met 
under conditions of growth, only that fraction of the protein intake 

^ Osborne, T. B., Mendel, L. B., and Ferry, E, L., J. Biol. Cliem., 1919, 
xxxvii, 223. 
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over and above the maintenance quota would be related to the 
growth secured. 

The theoretical and practical importance of the endogenous 
protein catabolism, or more accurately, the endogenous catabolism 
of nitrogenous compounds, is sufficiently great to justify experi- 
mental investigation. Folin’s classical investigations were con- 
cerned with the composition of the urine, when the protein metab- 
olism was reduced to the minimum tissue catabolism by feeding 
a very low protein diet of starch and cream. It was the hope of 
the authors in planning this experiment that the effect of feeding 
a similar ration on the concentration of non-protein nitrogenous 
compounds in the tissues of rats might throw additional light on 
this obscure type of catabolism. 

EXPERIMENTAL. 

Twelve male white rats, weighing from about 200 to 300 gm. 
each, were the subjects of the first experiment. They were all 
placed upon a ration of milk and dog biscuit when received from 
The Wistar Institute. Six of them were taken off this ration and 
killed and analyzed after being fasted for 19 to 26 hours. The 
remaining six were changed to a synthetic ration containing mini- 
mal amounts of nitrogen. Of these, one was killed after being 
kept 24 hours on the experimental diet, one was killed after 48 
hours, two after 11 days, and two after 22 days. The ration con- 
tained 76 per cent of starch, 10 per cent of butter fat, 8 per cent of 
sucrose, and 3 per cent each of salts (Osborne and MendeFs mix- 
ture) and agar; also a small amount of Osborne and WakemaiFs 
Fraction II from yeast as a source of vitamine B. On analysis, 
this ration was found to contain 0.82 mg. of nitrogen per gm. 

The rats were killed with ether and the intestinal tract was 
cleaned out with distilled water, and the entire carcass was then 
passed twice through a meat grinder. The ground material was 
immediately extracted with boiling water slightly acidified with 
acetic acid (0.5 cc. of glacial acetic acid per liter). When the first 
portion of water was added the mixture was quickly brought to 
boiling to prevent enzymic changes. In all cases the tissues were 
exposed to boiling water within 15 minutes of the death of the 
animal, so that it may be fairly assumed that the chances for 
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postmortem changes were minimal. Each carcass was extracted 
eight times with five times its weight of boiling nitrogen-free 
water, and was digested on the steam bath for 15 to 30 minutes 
after each addition of water. The extracts were filtered through 
funnels containing a loose plug of "glass-wool, covered by two or 
three layers of cheese-cloth. The filtrates were collected and 
made up to a definite volume, and aliquots taken for analysis 
for total non-protein nitrogen, ammonia, amino nitrogen, urea, 
and creatine. Occasionally, the total soluble nitrogen was also 
determined. 

Protein was removed from one set of aliquots by concentration 
at a low temperature, and precipitation with 10 volumes of 95 
per cent alcohol. Amino nitrogen was determined in aliquots 
from these filtrates after removal of ammonia by rendering slightly 
alkaline and distilling in vacuo as recommended by Van Slyke. 

Urea and ammonia were determined by aeration of concentrated 
aliquots made alkaline with potassium carbonate, half of the ali- 
quots having been previously incubated with urease according to 
the method of Van Slyke and Cullen. Creatine was determined 
in other aliquots by concentration, hydrolysis in approximately 
normal sulfuric acid solution by immersion for 3 hours in boiling 
water, and colorimetric determination of the creatinine. The 
solutions after hydrolysis were exactly neutralized, made up to 
volume, and filtered. Aliquots of 10 cc. from the filtrates were 
immediately transferred to 100 cc. flasks and treated with 15 cc. of 
saturated picric acid solution, previously tested for development 
of color with alkali, and 2 cc. of a 10 per cent solution of NaOH. 
After 10 minutes standing the flasks were diluted to the mark, 
shaken, and read in the colorimeter against a solution prepared 
in a similar way from a creatinine standard containing 1 mg. 
per cc. The standard was set at 15 mm. 

To determine the effect of the type of nitrogenous catabolism 
upon the total sulfur and total nitrogen of the tissues, and the 
non-protein sulfur and nitrogen, seven rats were taken. Four of 
the rats were taken from a normal ration, fasted for about 20 
hours (with the exception of Rat 1226, which was not fasted), 
and then killed with ether and prepared for analysis. Three of 
the rats were placed upon the same non-protein ration used in the 
preceding experiment, except for the salt mixture, which in this 
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case was prepared by substituting phosphoric for sulfuric acid. 
It was, therefore, nearly sulfur-free as well as being very low in 
nitrogen. After subsisting for 10 days on this ration, the rats 
were killed and prepared for analysis. 

Since it was desired to make direct determinations of total sulfur 
and nitrogen on the tissues of these rats, more care was taken in 
the preparation of the carcasses for analysis. Each carcass was 
passed through a sausage mill three or four times and then through 
a Straub laboratory mill (Model F4) about four or five times, 
after which treatment it was in a finely divided and homogeneous 
condition. A small amount of a 10 per cent alcoholic solution of 
thymol was mixed with each sample, which was then transferred 
to a jar and placed on ice until analyzed. Samples were weighed 
out for total nitrogen and total sulfur, the latter being determined 
by Halverson^s modification of the Benedict method,® using the 
Denis oxidation mixture.® 50 gm. samples were extracted with 
hot acidified water, concentrated, and precipitated with alcohol, 
as in the preceding experiment, and used for the determination 
of non-protein nitrogen and sulfur, the latter being determined 
by the Denis modification® of the Benedict method for sulfur in 
urine. 

EXPEEIMENTAL RESULTS. 

For the two rats in the first experiment kept for 11 days on the 
nitrogen-free ration, and for the two kept for 22 days on this 
ration, daily collections of urine and feces were made and wore 
analyzed for nitrogen, in order to determine how soon the rat 
reached its minimum endogenous catabolism of nitrogen and liow 
constantly the minimum was maintained from day to day. The 
details of the method used in this laboratory for metabolism work 
on rats will be described in a later paper. The resiilt-s of tliese 
determinations are given in Tables I and 11. 

It is evident that on a nitrogen-free diet the rat very cpiickly 
reaches a minimum nitrogen excretion, which then very slowly 
decreases as the body weight decreases. All these rats (as well 
as the two rats fed only for 24 and 48 hours, respectively, on this 
ration) were fasted for some 20 hours before collection of urine 

* Halverson, J. 0., J. Am. Chen. Soc., 1919, xli, 1494. 

® Denis, W., /. Biol. Chem., 1910, viii, 401. 



Mitchell^ Nevens, and Kendall 423 

and feces. After 24 houi's of feeding, the urinary nitrogen had 
reached a level with Rats 915A and 915B, which was maintained 
throughout the subsequent 10 days. This level was equivalent 
to the daily excretion of 16.6 and 15.1 mg. of urinary nitrogen, 
respectively, per 100 gm. of rat. With Rats 926A and 926B, this 
low level of urinary nitrogen was not reached until the latter 
part of the feeding period. From the 4th to the 11th day of 
feeding, the average urinary excretion of nitrogen was 21.1 mg. 


TABLE I. 

Daily Excretion of Nitrogen of Rats 9 15 A and 915B on a Nitrogen-Free 

Ration . 


Day. 

Rat 915A. 

Rat 915B. 

Weight. 

Food. 

Urine 

N. 

Fecal 

N. 

Weight. 

Food. 

Urine 

N. 

Fecal 

N. 


gm. 

gm. 

mg. 

mg. 

gm. 

C>m. 

mg. 

mg. 

0 

327 




297 




1 


14.0 

98 



14.0 

112 

21 

2 


14.0 

53 

41 


14.0 

47 1 

31 

3 


14.0 

67 

31 


14.0 

56 

30 

4 

321 

14.0 

49 

42 

295 

14.0 

49 

27 

5 


16.0 

46 

38 


15.6 

33 

42 

6 


15.0 

48 

48 


12,9 

40 

25 

7 

314 

13.1 

47 

25 

290 

13.2 

^ 47 

17 

8 

309 

13.4 

58 


286 

12.1 

37 

28 

9 

307 

9.3 

62 


287 

10.7 

39 

26 

10 

300 

9.6 

i 59 

45 

275 

9.7 

48 

31 

11 



41 

32 



51 

11 

12 

302 

1 



272 




Total 

i 028 

415* 



559 

289 


* Assuming an average excretion of nitrogen on those days for which the 
fecal determination was lost. 


per day per 100 gm. of body weight for Rat 926A, and 21.3 gm. for 
No. 926B. For the last 8 days of feeding, the averages were 
16.6 and 17.0 mg., respectively. This delay in reaching a 
comparable level of endogenous catabolism may be due to the 
fact that Rats 926A and 926B ate less of the nitrogen-free ration 
per day than Rats 915A and 915B. 

The results of the analysis of the fasted and fed rats are given 
in Table III in mg. per 100 gm. of body weight, and in Table IV 
in percentage of the total non-protein nitrogen. 
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The few determinations of the total soluble nitrogen that were , 
made were quite variable and cannot be interpreted as indicating 
any effect of the non-protein ration. The total non-protein iiitro- 


TABLE II. 

Daily Excretion of Nitrogen of Rats 926 A and 926B on a Nitrogen-Free Ration . 


Day. 

Rat 926 A. 

Rat 926B, 

Weight. 

Food. 

Urine 

N. 

Fecal 

N. 

Weight. 

Food. 

Urine 

N. 

Fecal 

N. 


gm. 


gm. 

mg. 

mg. 

gm. 


gm. 

mg. 

mg. 

0 

317 





\ 240 





1 


14.8 

161 

43 


11.3 

113 

34 

2 


11.9 

62 



12.7 

59 

33 

3 


11.0 

64 

16 


12.5 

58 

36 

4. 

308 

11,6 

55 

60 

235 

9.6 

52 

25 

5 


11.7 

60 

31 


12.0 

58 

10 

6 ! 


12.0 

58 

51 


12.0 

60 

50 

7 

301 

11.3 

44 

30 

231 

12.9 

50 

33 

8 


12.5 

90 

19 


12.3 

43 

14 

9 


11.2 

70 

34 


12.0 

44 

28 

10 

290 

12,8 

57 

33 

223 

10.6 

41 

19 

11 

285 

11.6 

65 

26 

223 

12.7 

41 

25 

12 

289 

13.0 

56 

24 

219 

12.4 

31 

25 

13 

284 

13.0 

46 

55 

212 

10.1 ; 

52 

30 

14 

281 

12.6 

51 

19 

209 i 

9.9 

45 

22 , 

15 

276 

14' 


50 

64 

213 

14 


41 

22 

16 

273 

13 


43 

36 

212 

13 


31 

30 

17 


12 


57 1 



12 


41 

31 

18 


12 

>-9.5* 

46 i 

28 


12 

>—19 5* 

51 

12 

19 


12 


31 

23 


12 


28 

25 

20 

264 

12 


40 

35 

195 

12 


29 

24 

21 


12 


49 

31 


12 


30 

34 , 

22 


12 


39 

26 


12^ 


28 


23 

261 





202 





Total 

1,294 

752t 



1,026 

590 


^ This figure represents the combined food residues for the last 8 days of 
the feeding period. 

t Assuming an average excretion of nitrogen on those days for which the 
fecal determination was lost. 

gen was much more constant. In general, the values for the rats 
in normal nutritive condition run higher than those for the rats 
fed for varying periods on the low nitrogen ration, the average 
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value for the former being 272 mg. as compared with an average 
value of 247 mg. for the latter. We would hardly be justified in 
attaching any significance to this average difference because of 
the variation in this value within the two groups of rats. 

The ammonia figures are so variable as to render their interpre- 
tation impossible. The values for the amino nitrogen were re- 

TABLE III. 

N 07i-Protein Nitrogenous Constituents of the Tissues of Rats in Norma 
Nutritive Co7idition, and in a Co7idition in Which the Nitrogenous 
Catabolism Has Been Reduced to the Endogenous Level. 


Length of 
fasting or 
feeding 
period. 

Weight 

Forms of nitrogen per 100 gm. of rat. 

Creatine 

of rat. 

Total 

soluble- 

Non- 

protein. 

Am- 

monia. 

Amino. 

Urea. 

per 

100 gm. 


Fasted rats. 



hrs. 

gm. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

912 

19 

288 


273 

1 

64 



921 

19 

238 


292 

19 

51 

20 

219 

1006 

19 

275 

984 

276 

19 ' 

51 

27 

224 

1014 

19 

185 

797 

241 

15 

46 

36 

217 

1027 j 

23 

208 


254 

16 

44 

31 

212 

1004 j 

26 

297 

1,072 

296 

28 

54 

20 

210 


Fed rats. 


1013 

24 

220 

850 

197 

15 

39 

46 

162 

1025 

48 

190 


243 

14 

48 

21 

185 


days 






! 


915A 

11 

302 


261 

23 

49 

12 

193 

915B 

11 

272 


268 

23 

53 

8 

188 

926A 

22 

261 

1,134 

222 ' 

15 

43 

25 

179 

926B 

22 

202 

996 

289 

16 

42 

16 

185 


B,esults are expressed in mg. per 100 gm. of body weight. 


markably constant in both groups of rats, possibly running slightly 
higher with the fasted than with the fed rats. With one exception 
the percentages of amino nitrogen (Table IV) for all rats fell 
within the narrow range of 17 to 20. This constancy in the 
amino nitrogen concentration of the tissues regardless of the type 
or the intensity of the catabolism of nitrogenous material, is one 
of the most interesting results of this investigation. 
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The urea concentration of the tissues shows considerable varia- 
tion, particularly in the group of rats killed after varying periods 
on the protein-free ration. In this group the urea was relatively 
high for the rat fed only 24 hours, lower for the rat fed 48 hours, 
and, with the exception of the value for Rat 926A, lower still for 
the rats fed for longer periods of time. Except for the unac- 
countably high figure for this rat, it appears probable that the urea 

TABLEfIV. 

Non-Proiein Nitrogenous Co7istikcents of the Tissues of Rats in Normal 
Nutritive Condiiionj and vi a Condition in Which the Nitrogenous 
Catabolism Has Been Reduced to the Endogenous Level * 


Hat. 

Length of 
feeding 
or fasting 
period. 

Weight ' 
of rat. 

Total 1 
non-protein 
nitrogen 
per 100 gm. 

Distribution of non-protein nitrogen. 

Ammonia, 

Amino. 

"Urea. 

Creatine. 

Fasted rats. 


hrs. \ 

{jm. 

mo. 

per cent 

per cent | 

per cent 

per cent 

912 

19 

288 

273 1 


19.8 1 



921 

19 

238 

292 

6.5 

17.5 

6.8 

24.1 

1006 

19 

275 

276 

6.9 

18.5 

9.8 

26.1 

1014 

19 

185 

241 

6.2 

19.9 

14.9 

28. 9 

1027 

23 

208 

254 

6.3 

17.3 

12,2 

26.8 

1004 

26 

297 

296 

9.5 

18.2 

6.7 

' 22.8 


Fed rats. 


1013 

24 

220 

197 

7.6 

19,8 

23.3 

26 4 

1026 

48 

190 

243 

5.8 

19.8 

8.6 

24.4 


days 







915A 

11 

302 

261 

8.8 

18.8 

4.0 

23.8 

915B 

11 

272 

268 

8.6 

19.8 

3.0 

22.5 

926A 

22 

261 

222 

6.7 

10.4 

11.3 

25.9 

926B 

22 

202 i 

289 

5,5 ; 

14.5 1 

1 

5.5 

20.5 


*Ilesuits are expressed in per cent of the total non-protein nitrogen. 


concentration of the tissues is reduced as the exogenous protein 
catabolism is abolished, but that it never entirely disappears. 
One can, therefore, conclude that urea is an end-product of the 
endogenous as well as of the exogenous type of catabolism. 

The values obtained for creatine indicate clearly a slight though 
distinct lowering of the concentration of this substance in the tis- 
sues as the result of the change in the type of protein catabolism 
produced by feeding a ration free from protein. All the values 
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obtained for the fed rats were lower than those for the rats in a 
normal nutritive condition in the postabsorptive period. The 
average creatine content of the fasted rats was 216 mg. per 100 
gm. of body weight, while the average for the fed rats was 182 mg., 
representing an average reduction of 16 per cent. This experi- 
mental result is in general agreement with the results of Myers 
and Fine,"^ who observed a marked reduction in the creatine con- 

TABLE V. 

Total and Non^-Protein Nitrogen and Sulfur of the Tissues of Rats in 
Normal Nutritive, Condition, and in a Condition in Which the 
Nitrogenous Cataholisni Has Been Reduced to the Endogenous Level.^ 


Rat. 

Body 

weight. 

i 

Total S. 

Total N. 

Total N; 
total S. 

Non- 
protein S. 

Non- 
protein N. 

Non- 
protein N: 

non- 
protein S. 


Rats on non 

-protein ration for 10 days. 



gm. 

mg. 

mo. 


mg. 

mg. 


1222A 

116 

264 

3, 103 

11.7 

35.9 

275 

7.7 

• 1222B 

138 

262 

2,990 

11.4 

31.6 

210 

6.6 

1222C 

127 

245 

2,818 

11.5 ! 

31.0 

212 

6.8 


Rats on nomal ration. 


1226 1 

164 

248 

2,917 

11,7 

35.4 

297 

8.4 

1227A 

118 

251 

2,899 

11.6 

33.7 

220 

6.5 

1227B 

137 

266 

3, 160 

11.9 

34.7 

218 

6.3 

1227C 

222 

270 

3, 201 

11.8 

1 

34.1 

238 

7.0 


* Results are expressed in mg. per 100 gm. of body weight, 
t This rat was not fasted before being killed. 


tent of rabbit muscle as the result of continued carbohydrate 
feeding. 

The results obtained on the seven rats analyzed for total and 
non-protein nitrogen and sulfur are given in Table V. No effect 
of the 10 days subsistence on a nitrogen- and sulfur-free ration 
can be observed on any of the values determined. The ratio of 
total nitrogen to total sulfur in the bodies of these rats was re- 
markably constant, ranging from 11.4 to 11.9, to 1. In the pro- 
tein-free extracts, the ratio of nitrogen to sulfur was much less, 
ranging from 6.3 to 8.4, to 1. Neither of these ratios shows any 
significant differences between the two groups of rats, 

^ Myers, V. C., and Fine, M. J. Biol, Chem., 1913, xv, 305. 
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In two cases, aliquots of the extracts, after precipitation with 
alcohol, were tested gravimetrically for inorganic sulfates, with 
inconstant results. A test for conjugated (ethereal) sulfates 
also gave no positive indications. Evidently the occurrence of 
oxidized forms of sulfur in the tissues is confined to mere traces, 
when considered on the body as a whole. Recently, Denis® has 
shown that the sulfate content of blood is normally extremely 
small, requiring special methods for its determination. 

It is to be noted in particular that the concentration of non- 
protein nitrogen in these seven rats, analyzed several hours or 
even days after death, is not significantly different from the values 
given in Table III for the rats analyzed immediately after etheri- 
zation. This is some indication of the absence of any considerable 
postmortem changes in the experimental material and enhances 
somewhat the confidence that may be placed in the significance 
of the analytical results. 


DISCUSSION'. 

The approximate constancy of the concentration of the total 
non-protein nitrogen and sulfur and of the amino nitrogen of the 
tissues, regardless of the type or the intensity of the catabolic 
processes resulting in nitrogenous or sulfur-containing end-prod- 
ucts, would seem to be a matter of significance in formulating 
a theory of the endogenous catabolism. In explaining a similar 
situation as related to the amino-acid concentration of the tissues 
as influenced by fasting, Van Slyke and Meyer® put forward two 
possibilities as to the origin and function of the free arnino-acids 
of the tissues: first, that the amino-acids might servo as a reserve 
energy supply or as a reserve of tissue-building material; and, 
second, that their presence in the tissues might be dependent 
simply upon the fact that they are intermediate steps in the con- 
struction and the breakdowm of tissue proteins, originating either 
from absorbed food products or autolyzing tissue protein. From 
the fact that starvation does not decrease the concentration of 
amino-acids in the tissues, these investigators conclude that the 
second possibility is correct. 

® Denis, W., J. BioL Chem.j 1921, xlix, 311. 

® Van Siyke, D. B., and Meyer, G. M., J. BioL €hem»y 1913-14, xvi, 231. 
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However, from the fact that the concentration of amino-acids 
in the tissues is not diminished on continued feeding with a non- 
protein ration, which may be presumed to reduce the protein 
catabolism to a minimum, while affording no building materials 
for an anabolism of protein, it does not seem probable that the 
presence of amino-acids in the tissues is merely incidental to pro- 
tein metabolism. Furthermore, it seems to be true that inter- 
mediary products of metabolism do not normally accumulate to 
any considerable extent in the tissues, as witness the absence of 
demonstrable amounts of the hydroxy- and keto-acids that must 
be produced in the breakdown of glucose, fatty acids, and amino- 
acids; nor do even the end-products of metabolism accumulate 
normally to any great extent. 

It is fair to presume, therefore, that the free amino-acids of 
the tissues are not functioning as reserve material, nor are they 
present merely as intermediary steps in the synthesis and disin- 
tegration of protein, but that they are performing some distinct 
and important function in the life of the tissues, since such an 
effective mechanism exists for maintaining their concentration 
constant. Their remarkable constancy in the muscle fluids of 
migrating salmon is also significant in this connection.^ ° Their 
possible function in the maintenance of osmotic pressure within 
the cell,^^ and particularly within the nucleus, which seems to be 
free from inorganic electrolytes, may also be cited. 

The data obtained in this investigation also indicate that the 
total non-protein nitrogen and sulfur are not definitely affected 
by the type or intensity of the protein metabolism. Probably 
movst of the substances contributing to the non-protein fraction of 
the tissue nitrogen and sulfur are performing some specific func- 
tions in metabolism. The universal presence of creatine in verte- 
brate muscle, the fact that it is not an obligate stage in the catab- 
olism of arginine or any other known amino-acid, its differential 
occurrence in different tissues, and its extremely small concentra- 
tion in the blood as compared to its concentration in the tissues, 
constitutes strong presumptive evidence that it is serving a func- 
tion in tissue metabolism. Similarly with carnosine. This sub- 
stance is a dipeptide containing an amino-acid, /3-alaninej not thus 

Greene, C. H., J. Biol, Chem,, 1919, xxxix, 457. 

n Collip, J. B., J. Biol Chem,, 1920, xlii, 227. 
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far found in proteins, and is extremely resistant to tissue prote- 
ases/- both facts arguing for a purposive synthesis in muscle 
cells. In the same category may be placed the recently discovered 
autoxidizable dipeptide of Hopkins/*'^ consisting of cysteine and 
glutamic acid. Apparently this compound performs important 
functions in the chemical dynamics of the cell. The constanc}^ 
of the concentration of non-protein sulfur in the tissues, regardless 
of the intensity of catabolism, is consistent with this view. 

The relation of the endogenous catabolism to these compounds 
— and there are probably man3?- others that may be so classed — is 
an interesting subject of speculation concerning which little defi- 
nite information is available. Being soluble and diffusible, and, 
as a class, less stable to oxidation than the cell proteins themselves, 
one might suppose that their loss from the tissues by purely 
physical means, or their destruction by catabolic agents, would 
be more constant, certainly more inevitable, than the loss of the 
proteins in the cell. 

If the non-protein nitrogenous substances are continually being 
lost to the tissues as an incidental consequence of metabolism, 
it is conceivable that the losses may be replaced from a variety of 
sources, even from such simple substances as ammonium salts. 
Possibly any one of the amino-acids may be used in the synthesis 
of one or more of these compounds, either as an obligate or a 
facultative precursor. Some of them may require some one 
particular precursor, such as tryptophane, tyrosine, cystine, or 
histidine, so that such amino-acids are indispensable to the main- 
tenance of life. Some of the amino-acids that arc essential in the 
synthesis of cell proteins, may not be obligate precursors of any of 
these nitrogenous extractives, and hcncc would not be essential 
for maintenance. 

It is conceivable that the endogenous catabolism of Folin (!Oii- 
sists essentially of the continual and constant breaking down of 
those non-protein nitrogenous compounds oh the tissues, so essen- 
tial to their proper functioning. When no protein is being con- 
sumed the losses thus incurred may be replaced by the destruction 
of cell proteins. In such a case, it is possible that the nitrogen thus 
degraded can be used without waste in replacing these essential 

^2 Baumann, L., and Ingvaldsen, T., /. Biol. Chem., 1918, xxxv, 263. 

13 Hopkins, F, G., Biochem^ 1921, xv, 286. 
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non»protein substances, so that the urinary nitrogen of an animal 
on a nitrogen-free diet and a sufficient energy intake would rep- 
resent the minimum endogenous catabolism. When protein is 
being consumed in quantity the destruction of body protein may 
cease entirely and the integrity of the tissues be maintained from 
exogenous sources. In replacing the endogenous losses, food pro- 
teins may be expected to be utilized in general to a greater extent 
than in growth. 

The theory thus easily and simply explains one of the most 
puzzling features of the many experiments recorded in the litera- 
ture relative to the amino-acid requirements of maintenance. It 
has been shown clearly and repeatedly that the requirements of 
the body for amino-acids to maintain the integrity of the tissues 
continually being impaired by the endogenous catabolism, are 
different from the requirements for the synthesis of proteins, 
quantitatively and possibly qualitatively. Also that individual 
amino-acids or even some of the ammonium salts, groups of 
amino-acids insufficient to cover completely the maintenance 
requirement, and proteins such as clupeine, gelatin, and zein, so 
incomplete in their amino-acid structure that, as the sole source of 
nitrogen, they cannot maintain life, are nevertheless utilized in 
the repair of the tissues, sometimes to a very complete extent. 
The explanation of McCollum^^ that ^The processes of cellular 
catabolism and repair do not involve the destruction and resynthe- 
sis of an entire protein molecule,” implies that the disintegration 
of protein to some extent is an essential feature of the endogenous 
catabolism. Similarly, the somewhat clearer statement of the 
same conclusion by Steenbock and Gross ‘Tn endogenous pro- 
tein catabolism the destruction of all amino-acids is not in pro- 
portion to the extent in which the individual amino-acids occur 
in the disintegrating protein molecule.” It is difficult to conceive 
of the tissue proteins undergoing only partial hydrolysis, always 
retaining some of the amino-acids, such as lysine, in the intact 
portion. A much less awkward explanation of the facts would 
be to dispense entirely with the conception that protein disinte- 
gration is an essential part of cell activity. 

^^McColimn, E. V., and Steenbock, H., Univ. Wiscoiisin Agric, Exp. 
Station^ Research Bull. 21, 1912, 79, 

Steenbock, H., and Gross, E. G., J. Biol. Chem., 191S, xxxvi, 285, 
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That the endogenous catabolism may not be essentially a catabolism of 
protein is indicated by the distribution of the different forms of nitrogen in 
the urine when the diet is sufficient in energy but practically nitrogen-free. 
Folin’s experiments on the composition of human urine on a normal diet and 
on a starch and cream diet, show clearly that when the urinary nitrogen is 
derived mainly from the catabolism of food protein, about 90 per cent of it 
occurs as urea plus ammonia, some 3 to 4 per cent as creatinine, 1 to 2 per 
cent as uric acid, and about 5 per cent in undetermined compounds. On 
the other hand, when the diet is practically nitrogen-free, onlyaboutTO 
per cent occurs as urea-ammonia, 2 to 3 per cent as uric acid, 14 to 18 per cent 
as creatinine, and 7 to 12 per cent or even more as undetermined substances. 
Substantially the same results were obtained by McCollum and Hoagland^® 
on the pig, fed for several weeks on a diet of starch, an alkaline salt mixture, 
and agar-agar. 

If the corresponding quantities of endogenous nitrogen be deducted from 
the total nitrogen, urea nitrogen, and ammonia nitrogen excreted on the 
protein-containing dietary, it may be calculated that the exogenous catab- 
olism of proteins results in an excretion of nitrogen of which some 95 per 
cent is in the form of urea plus ammonia. 

Similarly, if the endogenous catabolism is accelerated under conditions 
which obviously induce a considerable destruction of cellular protein, as 
in fasting, the composition of the urine approaches that resulting from ex- 
ogenous protein catabolism. 

The same distinction between the sulfur-containing products of protein 
catabolism, and of the minimum endogenous catabolism, exists as between 
the nitrogen-containing metabolites. Evidently protein metabolism, 
whether of the exogenous or the endogenous variety, yields sulfate sulfur 
entirely, while 25 per cent or more of the sulfur-containing metabolites of the 
minimum endogenous catabolism (non-protein catabolism) is in the form of 
unoxidized sulfur. The ratio of nitrogen to sulfur in the urine when the 
nitrogenous catabolism is reduced to the lowest level by the feeding of 
nitrogen-free nutrients only, is 10 to 12 to 1 from Folin's data. On the 
other hand, during fasting, when most of the nitrogenous catabolism is 
undoubtedly protein in nature, this ratio is 15 to 17 to 1, more nearly ap- 
proaching the ratio of nitrogen to sulfur in cellular proteins. 

If the endogenous catabolism represents protein disintegration, as is 
generally assumed, one would expect the elimination of the various nitrog- 
enous end-products of this catabolism to proceed at a fairly uniform rate or 
to be interdependent in their variations. However, this does not seem to 
be the case. The creatinine elimination is remarkably uniform from day 
to day and from hour to hour, and does not seem to be appreciably affected 
by any normal condition of nutrition. In marked contrast with this is 
the wide and unaccountable fluctuation to which the uric acid excretion is 
subjected, not only from day to day, but from hour to hour. As Folin^ has 


1® McCollum, E. V., and Hoagland, D. R., /. Biol. Chem., 1913-14, xvi, 
299, 317, 321. 
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said of tlie endogenous uric acid in the urine: ‘‘The metabolic processes 
that determine the uric acid excretion may therefore be said to be in rela- 
tively unstable equilibrium.’^ Also, many investigators have shown that 
food free from purine precursors, particularly protein food, may markedly 
raise the level of endogenous uric acid excretion. Recently, Lewis, Dunn, 
and Doisy^^ have shown that proteins and amino-acids may increase the 
hourly elimination of uric acid 100 or 200 per cent with no perceptible 
effect on the excretion of creatinine. The independence of the excretion 
of these two metabolites in pathological states has also been clearly shown. 

In their study of the endogenous metabolism of pigs, McCollum and 
Hoagland^*^ have demonstrated that the minimum nitrogenous catabolism, 
to which the pig is reduced on a diet of starch and a salt mixture of a poten- 
tially alkaline character, may be accelerated in different ways in response to 
different stimuli. When a mineral acid is added to the basal diet the endog- 
enous catabolism is accelerated entirely by an increase in ammonia excre- 
tion, the excretion of urea and creatinine being unaffected. When benzoic 
acid is added to the basal ration in small to moderate amounts, the total 
endogenous catabolism may not be accelerated at all. However, a portion of 
the nitrogen ’which, in the absence of benzoic acid, would appear as urea, is 
diverted to the synthesis of hippuric acid, no other appreciable effect on 
metabolism resulting. The urea nitrogen cannot apparently be decreased 
to a lower level than about 20 per cent of the total, a synthesis of glycocoll 
from other sources occurring with increasing doses of benzoic acid. With 
the ingestion of excessive amounts of benzoic acid, there is a marked acceler- 
ation in the total nitrogenous catabolism with an increased excretion of 
ammonia. Futhermore, Lewis and Karr^^ have shown that the ingestion 
of sodium benzoate affects the hourly excretion of uric acid, causing a 
marked diminution (50 to 70 per cent) in the first 4 hours after benzoate 
administration, while no effect on creatinine was noted. 

The evidence cited to the effect that the rate of elimination of those end- 
products of the endogenous catabolism that are not obviously intercon- 
vertible in the body, may be varied independently of each other, may be 
interpreted as meaning that the precursors of these metabolites are to be 
found among the non-protein compounds of tissues, each of which probably 
has some specific function to perform and is catabolized at varying rates in 
response to variations in the function it serves. The evidence is not readily 
explained by the ordinary view that the precursors of the endogenous 
metabolites are united firmly in a protein molecule. 

The' facts concerning the excretion of creatine in the urine are 
also consistent with the theory that the minimum endogenous 
catabolism of nitrogenous compounds, is essentially not a eatab- 
le Lewis, H. B., Dunn, M. S., and Doisy, E. A., J. Biol. Chem., 1918, 
XXX vi, 9. 

Lewis, H. B., and Karr, W. G., J. Biol. Chem., 1916, xxv, 13. 
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olism of protein j but of non-protein substances. Aside from the 
occurrence of creatine in the urine, induced obviously by exogenous 
protein metabolism, it always appears in the urine under condi- 
tions of an accelerated endogenous metabolism associated with 
obvious tissue destruction, as in fasting, experimental diabetes, 
diabetes mellitiis, hyperthyroidism, muscular dystrophy, etc. 
The facts of the normal or pathological occurrence of creatinuria 
may be satisfactorily explained by the theory that creatine is a 
typical end-product of endogenous protein metabolism, and the 
fact that it does not occur in the urine when an animal is reduced 
to its minimum endogenous catabolism, is satisfactorily explained 
by the theory that this basal nitrogenous catabolism does not 
essentially involve protein disintegration.^® The theory is forti- 
fied by the large amount of evidence in the literature demonstra- 
ting a total independence in the excretion of creatinine, indicative, 
possibly, of the endogenous non-protein catabolism, and of crea- 
tine, indicative of an endogenous protein catabolism, when not of 
exogenous origin. The association of a reduced excretion of 
creatinine with a constant creatinuria, as in muscular dystrophy, 
diabetes mellitus, hyperthyroidism, and similar pathological con- 
ditions involving cachexia and reduced muscular efficiency, is 
particularly convincing confirmation of the theory advanced. 

Possibly the failure of Rose, Dirami tt, and Bartlett (Rose, W. C., 
Dimmitt, J. S., and Bartlett, H. L., J. Biol. Chern.j 1918, xxxiv, 601) to 
confirm the findings of Denis and Minot as to the relation between high 
protein feeding and the occurrence of creatinuria in women (Denis, W., and 
Minot, A. S., J, Biol. Chem.f 1917, xxxi, 561) might be due to the fact that 
the high protein diets of Denis and Minot contained 50 gm. per day of gela- 
tin, a protein very rich in arginine, containing almost twice as much as the 
proteins of milk, which were used, together with eggs, in both experiments 
in the high protein diets. In the high protein diets of Rose and associates, 
gelatin was not included. 

The apparently erratic occurrence of creatine in the urine of fasting 
pigs, reported by Steenbock and Gross (Steenbock, H., and Gross, E. G., 
J . Biol. Chem.f 1918, xxxvi, 265), is accounted for by this theory. Those 
pigs excreting, during fasting, amounts of nitrogen in the urine commensu- 
rate with the minimum endogenous catabolism, exhibited no creatinuria, 
while those pigs excreting amounts of total nitrogen in considerable excess 
of this level, in every case exhibited creatinuria in proportion to the daily 
excretion of urinary nitrogen. The following data on the five fasting pigs 
investigated by Steenbock and Gross, and earlier by McCollum and 
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The theory advanced here as to the nature of the minimum 
endogenous catabolism of nitrogenous compounds thus appears to 
reconcile the data on the composition of the urine on a non-protein 
diet, upon which Folin^s theory was based, the available data as 
to the utilization of nitrogenous compounds in the repair processes 
of the tissues, upon which McCoUum^s theory was based, the data 
on the amino-acid requirements for maintenance as compared to 
those for growth, upon which the theories of Sherman and of 
Osborne and Mendel were based, and, at the same time, the data 
presented in this paper on the general constancy in the concen- 
tration of the non-protein nitrogenous constituents of the tissues 
following the suppression of the exogenous metabolism of protein. 

Significance of the Rediictiofi in Creatine, 

The values obtained for the concentration of creatine in the 
tissues of the rats maintained for varying periods of time on a 
practically nitrogen-free ration were all lower than those obtained 
for the rats taken from a normal ration. In the latter rats, it 
may be presumed that both exogenous and endogenous catab- 
olism of nitrogenous compounds were operating, while in the former 
case only the endogenous catabolism was occurring. It seems 
fair to presume, therefore, that the reduction in the concentration 
of creatine was due to the absence of an exogenous protein 
catabolism. 

It would appear that most of the creatine in the tissues is present 
as an integral part of the protoplasmic mechanism, performing some 
function in the life of the cells. A relatively small and variable 
fraction of the creatine in the tissues would seem to be derived 


Steeiibock (Mc.Colluin, E. V., and Steenbock, H., J. BioL Chem,, 1912-13, 
xiii, 209) demonstrate the point made: 


Weight of pig. 

Days of fast 
(inclusive). 

Total nitrogen 
in urine. 

Creatinine 
nitrogen in urine. 

Creatine in urine. 



gm. 

per cent 

gm. 

85 

7-15 

3.11 

9.17 

0.000 

51 

4-6 

i 5.47 

2.67 

0.393 

55 

4-5 

10.50 

1.12 

0.836 

59 

3-5 

9.25 

1.94 

0.412 

77 

6-9 

2.97 

lo.n 

0.000 
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from the catabolism of dietary protein, probably representing an 
intermediate state in the catabolism of arginine and possibly other 
amino-acids. If the intake of dietary protein is excessive, and 
particularly if the protein is rich in arginine (and possibly other 
creatine precursors), some of the creatine, produced normally 
only as an intermediary product, finds its way into the urine. 
Thus far, for reasons not at all obvious, creatinuria of the t 3 ^pe 
just mentioned has only been observed with women and children. 

The experimental results on creatine reported in this paper and 
the explanation offered to account for them, are in entire agree- 
ment with the data reported by Thompson, who obtained a small 
though distinct increase in the percentage of creatine in rabbit 
muscle following the intravenous injection of arginine. The 
somewhat similar work of Myers and Fine^^ also falls in line with 
the data we have obtained, and may be explained in a like fashion. 

Myers and Fine analyzed the muscles of a fairly large number 
of rats, some of which had been fed on edestin, a protein containing 
14 per cent of arginine, and others on casein, a protein containing 
only about 4 per cent of this amino-acid. A slight difference in 
creatine content of the two groups of rats was noted, the edestin 
rats having the greater concentration. While the authors them- 
selves do not attach any significance to the difference observed, 
and while the experiment is generally referred to as an indecisive 
one, a statistical anal 3 ^sis of the data put them in a different light. 
The eleven casein rats bad an average content of 0.4582 ± 0.0012 
per cent creatine in the muscle. The seven edestin rats had an 
average percentage of 0.4701 dr 0.0011. The average difference 
is 0.0119 ± 0.0016, being thus more than seven times its probaMe 
error. According to ordinary statistical standards it may be 
presumed to possess a high degree of significance, and to inclicuitc 
in no uncertain way that the edestin feeding has increased the 
creatine content of the muscle, probably on account of the high 
percentage of arginine in edestin. If the individual results be 
arranged in the order of a decreasing content of creatine, one 
casein rat will be found to rank third, having the same percentage 
as two edestin rats, another casein rat ranks eighth, and the other 

2- Thompson, W. H., J. PhysioL, 1917, li, p. ii. 

22 Myers, V. C., and Fine, M. S., /. BioL Chem,, 1915, xxi, 389. 
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nine casein rats occupy the nine last places in the list. This can 
hardly be considered a random distribution. 

It seems fairly certain, therefore, that tissue creatine is in part 
of exogenous origin, the concentration of exogenous creatine, 
representing an intermediary product in protein catabolism, de- 
pending primarily upon the intensity of catabolism of exogenous 
arginine and possibly of other creatine precursors. 




THE VOLATILE OIL OF MENTHA AQUATICA LINN^, AND 
A NOTE ON THE OCCURRENCE OF PULEGONE. 

By ROLAND E. KREMERS. 

{From the Vanderbilt University Laboratory for Organic Chemistry, Nashville, 
and the Wisconsvi Pharmaceutical Experiment Station, Madison.) 

(Received for publication, April 15, 1922.) 

In a recent article on the possible mode of production of pepper- 
mint oiR in the living plant, the writer pointed out the need of 
a conclusive investigation of the oil of Mentha aquatica Linne, 
which is now regarded as one parent of peppermint. Several 
statements are to be found in the literature concerning this oiL^ 
In the original article on which these statements were based, the 
following information is given:® two distillates of ^‘Bergamot mint’^ 
from Florida were examined by Schimmel and Company, the 
first from immature plants had an ester content of approximately 
11 per cent, the second from frozen leaves had an ester content of 
approximately 39 per cent, ^‘calculated as linalyl acetate/’ Of 
the second it was recorded that ^^in consequence of the higher 
ester content, the odor of linalyl acetate was here even more pro- 
nounced than in the previous oil.” The following analysis is 
submitted in verification of these empirical observations. 

Material. 

The oil of Mentha aquatica Linn(5 employed in this investiga- 
tion had been grown and distilled by the Wisconsin Pharmaceuti- 
cal Experiment Station at Madison in 1919 and was very kindly 
placed at the writer’s disposal by the Director. It was a practi- 
cally colorless oil and possessed a very pleasant characteristic 
odor. 200 cc. (183 gm.) were used for the following experiments. 

^ Kremers, R. E., J. Biol. Chem., 1922, 1, 31. 

2 Gildemeister, E., Die Aetherischen Oele, Leipsic, 2nd edition, 1910, i, 
369, 528. 

Semiannual Report of Schimmel and Company, 1904, i, 95. 
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Constants. 


The following values were found for the original oil: 


d24 = 

0,916 

Ester = 

per cent 

73.82 

1124 ~ 

1.4582 

Alcohol as ester = 

58.00 

K 


Ester No. after acetyl = 

224.0 

Acid No. = 

7.84 

Total alcohol = 

61.6 

Ester No. = 

210.93 

Free alcohol == 

3.6 


Aldehyde. 

A qualitative test for aldehyde revealed the presence of this type 
of compound. The oil was twice shaken with 30 cc. of 50 per cent 
bisulfite solution. The first reaction mixture became noticeably 
warm. The residual oil was washed with water, and the com- 
bined aqueous solutions were extracted with ether. The regenera- 
tion of the aldehyde was brought about by the addition of 1 mol 
of potassium hydroxide. The substance thus liberated resinified 
at once, and an immediate extraction with ether failed to give any 
material capable of reacting with semicarbazide. 

Free Acid. 

The oil from which the aldehyde had been removed was extracted 
with sodium carbonate solution. The acids thus extracted were 
not sufficient for identification. 

Saponification. 

The oil, 173 gm., was now saponified by heating on the water 
bath for 1 hour with 50 gm. of potassium hydroxide dissolved in 
750 cc. of 65 per cent alcohol. The addition of the alkali caused 
the mixture to turn dark red, which resulted in a dark oil being 
precipitated by the addition of water at the end of the reaction. 
The oil was washed with water until neutral, and then dried over 
anhydrous sodium sulfate. The alcohol was largely distilled off 
from the alkaline aqueous solution before the latter was concen- 
trated on the water bath to recover the potassium salts. 
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Fractionation^ 


The recovered oil was fractioned in vacuOj the second run re- 
sulting in the series: 


Fraction. 

Boiling point. 30° 

Weight. 

nw 



gm. 


1 1 

-100 

8 

1.375 

2 

o 

1 

o 

o 

85 


3 

105-35 

9 

1.4665 

4 

135+ 

15 

Residue. 

Total 

117 



Fraction 2 was reclistilled through a Vigreux column with the 
following results: 

B. P, 2 i == 95.5-97.5°C.; weight = 73 gm.; n ^24 = 1.4610; d 24 = 
0.858; [at == -18,94°. 

Recorded for linalool:^ 

B. P .14 = 86-87°C.; dso = 0.8622; nso = 1.46108; Wx> up to 
- 20 °. 

Linalool Phenyliir ethane, 

A phenylurethane was prepared from fraction B.P. 95.5-“97.5° 
by the method given for linalool in the Semiannual Report of 
Schimmel and Company for 1902.® The reaction proceeded as 
described. A slight brownish coloration could not be removed 
from this preparation, hence the melting point was a trifle low. 
M.P. found, 64"“65°C.; recorded for linalool phenylurethane, 65- 
66°C. Therefore, linalool was the alcohol present. 

Identification of Combined Acid, 

As previously mentioned, the alcohol was largely distilled off 
from the alkaline saponification mixture. As no oil was precipi- 
tated by this process, the residual aqueous solution was evapo- 
rated on the water bath without extraction. When concentrated 
to about 150 cc., a resin separated which was fiiltered out. The 

^ Tiemarm, F,, Ber. chem. Ges., 1898, xxxi, 834. 

® Semiannual Report of Schimmel and Company, 1902, pt. 2, 70. 
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solution was then acidified with 44 gm. of sulfuric acid, previously 
diluted to 100 cc. The volatile acids were recovered by steam 
distillation. The distillate was neutralized with sodium hydrox- 
ide, phenolphthalein as indicator, and again evaporated. When 
the residue had become a syrup it was set aside and became a 
solid mass of crystals after standing some time. Qualitative tests 
on this salt indicated acetic acid. 

In order to prove conclusively the presence of this acid, the pre- 
paration of a crystalline derivative was undertaken. For this pur- 
pose the anhydrous salt was first secured by heating a sample to 
constant weight at 120°C.; 10 gm. lost 4.02 gm. of water. Cal- 
culated on the basis of anhydrous sodium acetate, this loss cor- 
responds to 3,06 molecules of water of crystallization: crystallized 
from water, sodium acetate retains 3 H 2 O. 

This material was used for the preparation of p-nitrobenzyl and 
phenacyl esters according to the methods of Reid,® but without 
success. In the first instance mixtures with variable melting 
points were obtained; in the second only oily products resulted. 
Some impurity must have been present in slight amount. This 
may have been a valeric acid, as an odor of that character devel- 
oped when the salt was kept in a sulfuric acid desiccator. 

The desired result was finally obtained as follows: 4.4 gm. of 
salt were mixed with 3 cc. of phosphorus trichloride in an acetyla- 
tion flask and heated on a water bath for 15 minutes. 5 gm. of 
aniline were added, the reaction mixture was somewhat broken 
up and again heated for a few minutes. The cooled product was 
extracted with 50 cc. of water; the residue was then recrystallized 
from 100 cc. of hot water. Characteristic plates of acetanilide 
were obtained; M.P. 114^0. No depression resulted after mixing 
with pure acetanilide. 


CONCLUSIONS. 

The oil of Mentha aquatica Linn6 distilled from normal mature 
plants, grown with necessary cultural precautions, has been shown 
to consist largely of linalool acetate. Smaller quantities of 

®Reid, E. E., J. Am. Chem. Soc., 1917, xxxix, 124. Lyman, J. A., and 
Reid, E. E., J.Am. Chem.Soc., 1917, xxxix, 701. Lyons, E., and Reid,E.E., 
J. Am, Chem, Soc,, 1917, xxxix, 1727. Rather, J. B., and Reid, E. E., 
J, Am. Chem. Soc., 1919, xli, 75. 
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another ester, of free linalool, of a free acid, and of a very unstable 
aldehyde were also present. 

The elaboration of the oil by the plant can be thought of as 
following the same course as that outlined for Mentha spicata 
Hudson but stopping with the esterification of linalool. 

OconTfence of Ptilegone in Mentha piperita. 

Methyl-l-cyclohexanone-S and acetone are the products of 
hydrolysis of pulegone. The occurrence of the first in the ^^Vor- 
lauf^^ of the cohobated oil of American peppermint and of the 
second in the cohobated aqueous distillate led to the assumption 
that pulegone was their forerunner in the elaboration of the oil by 
the plant.^ Inasmuch as some menthone fraction, partially 
freed from menthol by freezing, of the oil which had given these 
results'^ was still available a search was made for pulegone. 

The oil was first assayed by the neutral sulfite method — original 
volume was 10 cc., final volume was 9 cc.; the loss was 1.0 cc. cor- 
responding to 10 volumes per cent of pulegone. The separation 
of the ketone was then undertaken. The oil was diluted with 
one-fourth of ils volume of alcohol and set aside with a solution of 
50 gm. of sodium sulfite in 100 cc. of water. The mixture was 
frequently agitated. After 6 weeks but few crystals had formed. 
The bisulfite liquor was separated and treated, together with the 
crystals, with 1 molecular equivalent of potassium hydroxide. 

The regenerated ketone was extracted with ether, dried over 
sodium sulfate, and fractionated. B.P.u == 105-1 10°C.; n = 
1.484. 

The semicarbazone, prepared in the usual w^ay and recrystal- 
lized from alcohol, melted at IGO-ITO"^. 

Pulegone is, therefore, a constituent of the cohobated oil of 
peppermint, as had been previously suggested. 

7 Kremers, K. E., J. Arn. Phann, Assfi., 1921, x, 834. 


THE JOUENAL OP BIOLOOICAL CHEMISTRY, VOL. LXI, NO. 2 




THE HYDROGEN ION CONCENTRATION OF HUMAN 

FECES.* 

By C. S. ROBINSON. 

{From the Chemical Section of the Experiment Station, Michigan Agricultural 
College, East Lansing.) 

(Received for publication, April 1, 1922.) 

Many observations have been reported on the acidity or alka- 
linity of feces^ but only a few attempts have been made actually to 
define the limits of fecal reaction. Matthes (9) found that feces 
were alkaline to cochineal, methyl orange, and lacmoid; and acid 
to phenolphthalein, rosolic acid, and curcuma. This was con- 
firmed by Hemmeter (4). It would place the reaction somewhere 
between the limits pH 5.5 and 7.5. The general conclusion was 
drawn from this and other early work with indicators that the 
usual reaction was approximately neutral but was subject to 
fluctuations in either direction. 

The first actual measurement of the hydrogen ion concentra- 
*tion of feces was made by Howe and Hawk (6), who used the 
electrometric method. The reaction of the material examined 
by them was always alkaline, varying with different subjects and 
conditions from pH 7.01 to 8.77. 

Nelson and Williams (13) devised a method for measuring the 
hydrogen ion concentration of feces colorimetrically. In their 
experiments the material was usually acid, in only one case out 
of thirty did the pH rise above 7,0. As a rule it varied between 
5.0 and 6,0 and in some cases went below 5.0. 

Rettger and Cheplin (14) using a modification of the Nelson 
and Williams method likewise found the reaction to be acid/ 
varying between pH 5.0 and 6.8. 

Published as Journal Article No. 23 from the Chemical Laboratory of 
the Michigan Agricultural Experimental Station. Published by permission 
of the Director of the Experiment Station, 

^ Rettger and Cheplin (14), p. 108. 
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Factors Injimncing the Fecal Rcactmi, 

The factors responsible for the variation in the fecal reaction 
may be divided into three classes; m., dietary, physiological, and 
biological. 

The role of diet in causing fluctuations in the reaction of human 
excreta has been the subject of considerable debate. Matthes 
claimed that diet was not a factor in causing changes in the reac- 
tion of feces. Howe and Hawk found that pronounced variations 
in diet such as changes from high to low protein intake or fasting 
were accompanied by no consistent fluctuations in the reaction. 
The drinking of large quantities of water, however, appeared to 
produce a slight increase in alkalinity. McClendon, M^/ers, 
Culligan, and Gydesen (10) in connection with their investigation 
of the reaction of contents of the ilium state: 

'*The mineral content of the food does not seem to be a factor in deter- 
mining the pH since the acidity of the intestinal contents is greater on a 
diet of carrots that yield a basic ash than on a diet of oats that jdeld an 
acid ash.^^ 

On the other hand, Hecht (3) claims that sugars cause with 
infants the elimination of an acid stool.- Schmidt «ancl Stras- 
burger (16) attribute changes in fecal reaction chiefly to biological 
causes and claim that it can be regulated indirectly by dietary 
control of the intestinal flora. In regard to the direct influence 
of diet they state that with good digestion a mixed diet gives a 
reaction fluctuating about the neutral point. A preponderanc‘e 
of carbohydrates or fat produces an acid stool while with a heavy 
meat intake the reaction, though variable, tends to bo alkaline. 
Mothe^^s milk causes the excretion of add feces while (‘ow^s milk 
changes the reaction to alkaline. 

The question of infants^ stools lias received special atiention 
and the change of reaction with the change in diet from mother^s 
milk to cow\s milk has been noted by several. Muller (12) claims 
the alkalinity with cow^s milk to be due to the putrefaction of the 
increased protein. Schlossmann (15) attributes the change not 
to the mother^s or cow's milk as such, but to the change in the 
protein-fat ratio. A ratio of 1 part of protein to 3 or more of 


^ Hecbt (3), p, 15, 
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fat (as in mother’s milk) gives an acid stool while a decrease in the 
fat to a ratio of 1 to 1 or less gives an alkaline stool. 

The effect of the physiological factors has received but little 
mention. It has been quite conclusively shown by investigators^ 
notably McClendon and his coworkers, that the contents of the 
small intestine are acid. When a change in reaction occurs, it 
probably takes place after the material enters the large intestine 
where under the influence of the alkaline secretions of that part 
of the gut it tends to become alkaline. Muller states that, due 
to this fact, the outside of a stool which comes into direct con- 
tact with the mucous membrane is more alkaline than the in- 
side. References of this kind are, however, few, and although 
it is c[uite generally recognized that acid stools accompany 
diarrhea and alkaline ones follow constipation the effects have 
been ascribed to bacterial action rather than to the intestinal 
secretions themselves. 

Thus the biological factor has usually been accorded a preemi- 
nent place in determining fecal reaction. The widespread usage 
of sour milk which has followed the enunciation of Metchnikoff’s 
theories of longevity has accompanied the general belief that the 
inoculation of the human intestine with acidophilic organisms 
caused a reduction of the putrefactive bacteria through the pro- 
duction of an acid medium inhibitive to their growth. The 
fallacy of this contention has been demonstrated by Rettger and 
his coworkers (14) who found no increase in the acidity of feces 
when the flora had been changed to one consisting of over SO per 
cent (Bacillus acidophilus ^) . Other than this, actual experimental 
evidence of the influence of the bacterial flora on the fecal reaction 
appears to be nil and the unquestioned acceptance of the assump- 
tion, admittedly plausible though it be, that fecal reaction is con- 
trolled by l)iological factors must be considered hazardous. 

The present work was undertaken for the pm’pose of securing 
data of a quantitative nature on the normal reaction of human 
feces from apparently healthy subjects on mixed diets. The effect 
of varying the retention of the material in the intestine and the 
influence on the fecal reaction of inoculating the intestine with 
acid-forming bacteria has also been studied. 
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H Ion Concentration of Human Feces 


EXPERIMENTAL. 

Methods. 

All determinations of the hydrogen ion concentration were 
made electrometrically, the general technique and apparatus 
described by Clark (2) being used. The cell was modified by 
replacing the three-way cock used for admitting the sample and the 
hydrogen by a one-way cock with the entrance tube bent upwaards. 
This change w^as advisable because the nature of the material 
handled made it necessary to introduce it through the large open- 
ing used to hold the stopper and electrode. The modified cell 
was also easier to clean and sterilize. The hydrogen was obtained 
from a tank and was purified by passing it through solutions of 
mercuric chloride, alkaline potassium permanganate, and dilute 
sulfuric acid. Originally it was passed over the heated filament 
of a tungsten lamp as advocated by Clark, but this was shown to 
be unnecessary with the particular gas used which apparently 
was free from oxygen. 

No attempt was made to run the measurements at constant 
temperature beyond having the apparatus in an air bath to pro- 
tect it from drafts and temperature changes during individual 
determinations. The temperature of the bath was always noted 
and the appropriate correction made. 

Saturated calomel half-elements were used and a Weston cell 
which was frequently checked against one recently tested by the 
Bureau of Standards. 

The electrodes were of gold-plated platinum or solid gold and 
were freshly platinized for each determination. 

The whole procedure was frequently checked by determining 
the reactions of buffer solutions of known values. 

The following procedure was adopted for measuring the hydrogen ion 
concentration of fecal material: A composite sample of the stool was 
thoroughly macerated with enough water to form a thin paste. Several 
analyses showed these pastes to contain about 4 per cent solid material, 
which is approximately the consistency of the intestinal contents as they 
enter the large intestine. A few cc. of this paste were poured into the 
hydrogen electrode vessel through the large opening, the bore of the three- 
way cock used to make connection with the calomel cell having been 
previously filled with liquid. The vessel was then connected on the one 
side with the vessel connecting it with the calomel cell and on the other 
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with the hydrogen purification train. The stopper holding the electrode 
was placed loosely in the opening and hydrogen admitted in a fairly rapid 
stream. The vessel was tilted at such an angle that the hydrogen passed 
over the surface of and did not bubble through the liquid. Gas was allowed 
to flow through for several minutes to replace all of the air and the stopper 
was forced into place while hydrogen was still entering the cell, thus pre- 
venting the advent of air. The stop-cock through which the hydrogen had 
been admitted was then closed and the tube disconnected. The vessel was 
finally rocked until equilibrium w^as attained, connection between it and 
the calomel cell established through saturated KCl solution by opening the 
proper stop-cock, and the electromotive force measured at once. As a 
rule measurements were made in duplicate with different electrodes, the 
rocking and reading being repeated until the values became constant. 

From the standpoint of accuracy the advantages of this pro- 
cedure over that of testing material for ^ ^alkalinity’ ^ or ^^acidity’’ 


TABLE I. 

Comparison of the Reaction of Feces as Determined with Litmus Paper and 

Electrometrically. 


pH 

Reaction to 
litmus. 

pH 

Reaction to 
litmus. 

1 pH 

Reaction to 
litmus. 

6.2 

Acid. 

7.0 

Alkaline. 

7.4 

Neutral. 

6.6 

Neutral. 

7.0 

u 

7.4 

Alkaline. 

6.7 


7.1 

u 

7.5 


6.8 

Alkaline. 

7.1 

(£ 

7.8 

a 

6.9 


7.3 

££ 

7.9 

Neutral. 


by means of indicator papers are, of course, obvious and call for 
no discussion. Since the qualitative test with litmus paper has 
afforded the basis for much of the speculation indulged in on the 
subject of fecal reaction and still is the standard test, some idea 
of its reliability is of interest. The reaction to litmus paper of a 
large number of samples was observed and the results are recorded 
in Table I together with the pH values as found by the electro- 
metric method. Sensitive red and blue paper was used. The strips 
were moistened with distilled water, the fecal suspension applied 
to one side of the paper, and the change in color observed on the 
other side. 

It will be seen that while there is general agreement between the 
two methods, a large percentage of the results with the litmus 
paper are inaccurate. In some cases a comparatively high degree 
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of acidity is recorded as a one plus alkalinity. By using a series 
of tests a fairly reliable picture may be obtained, but single de- 
terminations are not to be depended upon and individual varia- 
tions in a series may entirely escape detection. No quantitative 
value is to be given this test and it is impossible to say that a sam- 
ple is “more’’ or “less” acid or alkaline than another from results 
obtained with it. 

Fecal Reaction of Apfarently Healthy Men on a Mixed Diet, 

The results of the examination of the feces of two apparently 
healthy men on mixed diets are given in Table II. The figures 
are from mixed samples of the whole stools. 

These pictures are to be regarded as normal. When a scries of 
observations is made over a long period of time occasional values 
are obtained wdiich are outside this range. They are generally 
isolated instances, the reaction returning promptly to the normal 
range within 24 hours. They are apparently produced by some 
temporary irritation of the intestine which, while producing no 


TABLE II. 

Normal Fecal Reaction of Human Subjects on Mixed Diets, 


Subject A 

7.2 

7.1 1 

7.2 

7.4 

7.1 

6.9 

7.2 

B 

7.2 

7.3 

7.3 

7.5 

7.1 

7.5 

7.1 


unusual sensation on the part of the subject, still shows itself in 
the fecal reaction. 

From these results as well as from the examination of many 
stools of other individuals the normal fecal reaction appears to vary 
between pH 7.0 and 7.5, This is in agreement with the original 
value of Howe and Hawk. It is an interesting coincidence that the 
results obtained by the electrometric method agree with each 
other but do not check those obtained by the colorimetric method. 
The conclusion seems to be justified that the type of method used 
determines the result. Examinations kindly made by Dr. Nelson 
using his technique on samples being tested simultaneously by 
the electrometric method in the course of this work showed per- 
fect agreement. Although this was done on only one or two sam- 
ples it makes the above conclusion appear to be untenable. More 
work must be done before final judgment can be passed. - 
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No attempt was made to control the diets of the subjects under 
examination so no positive statements can be made regarding the 
actual influence of the dietary factor. No. pronounced direct 
effect on the fecal reaction of such changes in diet as occur or- 
dinarily has been observed in this work. Variations in diet that 
tend to produce constipation or looseness of the bowels do exert 
indirect influences but the results are probably due to physiologi- 
cal rather than dietary causes, 

hijluence of Physiological Factors on the Fecal Reaction. 

Under this head will be considered the difference in fecal reac- 
tion due to incomplete neutralization of the acid contents of the 
small intestine or the opposite effect; f.c., the secretion of an ex- 
cess of alkali. 

The acid material passed into the large intestine may fail to be 
neutralized because of too rapid passage through the large in- 
testine as in diarrhea, or by the failure of the large intestine to 
secrete sufficient alkali complete^ to neutralize the acid admitted 
to it. In either case an acid stool results. An alkaline stool may 
occur after prolonged exposure of the material to the alkaline 
secretions of the large intestine as in constipation or by the secre- 
tion of unusually large amounts of fluid under the stimulus of 
medication. 

Under normal conditions and in the absence of complicating 
factors such as bacterial activity it may be assumed that the 
reaction of the contents of the large intestine changes progressively 
from the acidity of the contents of the small intestine to the alka- 
linity of the secretions as the material passes from the cecum to 
the rectum. The variation in reaction throughout the mass of 
that portion ordinarily passed in a single defecation should be 
comparatively small since it has already passed through the length 
of the large intestine and been exposed to its action for several 
hours. Nevertheless, small differences between the two ends of 
the stool would be anticipated. 

In Table III are given results with Subject B, the samples being 
taken from the extreme ends of the stools, care being taken, of 
course, to get cross-sections of them and not an undue portion of 
the outside which would be moi^e alkaline than the inside. The 
material in the first portions excreted (Series a) was held in the 
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colon approximately 24 hours longer than the Series b portion of 
the preceding stool. The diiference in reaction between the 
Series a sample of one stool and the Series b sample of the pre- 
ceding one should represent that due to retention in the colon for 
the interval between defecations. For convenience in comparing 
them the Series b values have all been advanced in the table to 
fall under the Series a values to which they should correspond. 
The results show the passage through the last portion of the colon 
actually is normally accompanied by a small increase in alkalinity. 
The unusual difference in values between the second Series b 
value and its corresponding Series a reading is presumably one of 
those abnormalities referred to above. Occasionally stools are 
encountered which are of normal consistency in their first por- 
tions but of unusual softness in the last portions passed. They 
may even be fluid. In such cases the desire to defecate is usually 


TABLE in. 

Change in Reaction of Feces during Passage through Colon. 


Series a 

“ b 

7.6 

7-4 

7.5' 

6.7 

7.6 ! 
7.2 

7.6 

7.6 

7.6 

7.4 

7.7 

7.6 

7.6 

7.3 

Difference 

0.1 

0.8 

0.3 

0.1 

0.2 

0.1 

0.3 


more pronounced than at other times though one movement may 
be sufficient to give relief and there may be no further signs of 
diarrhea. The difference in reaction between the ends of such a 
stool will, however, be extraordinarily large, amounting in one 
case to pH 1 .3. Usually the difference approximates 0.2 to 0.3 pH. 

The influence of other agencies of this group was studied by 
making observations on the changes in the reaction of feces under 
the influence of various laxatives, in diarrhea, and in constipation. 
As pointed out above, the more rapid the passage of material 
through the large intestine the greater the tendency for its reaction 
to remain acid. A diarrheal stool should, therefore, be acid. 
This is normally true providing the stimulus producing increased 
peristalsis does not likewise cause increased secretion. In this 
•case the effect of the former factor may be overcome to a greater 
or less degree and the final picture be the resultant of these two 
opposing tendencies. 
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Fig. 1 shows the results of a series of daily observations on Sub- 
ject B during which period various laxatives wnre taken as indi- 
cated. During one part of the time the subject suffered from 
digestive disturbances including both diarrhea and constipation. 
The following cathartics were used: Magnesium oxide, phenol- 
phtlialein, physiological salt solution, castor oil, powdered aloes,, 
powdered senna, and sulfur. 


Oct. 

4 5 6 T 8 9 10 11 12 13 14 15 17 18 19 



Nov 4 5 T 8 9 10 II 12 14 15 16 17 18 19 



Fig. 1. Influence of cathartics on the fecal reaction. The ordinates in 
each case vary from G.5 to 7.5. 


Magnesium Oxide , — Aubert (1) first advanced the suggestion 
that saline purgatives act througlf stimulation of the nerve supply 
of the colon with the production of an increase in both the motive 
and secretory processes of the large intestine. This theory has 
been substantiated experimentally by MacCalluni (8), Hertz, 
Cook, and Schlesinger (5), and others. Apparently the action is 
more thorough than with other agents, a complete evacuation of 
the whole large intestine being obtained. Magnesium oxide has 
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a twofold interest in the present work owing to its being both an 
alkali and a laxative. 

The experiment was started on October 4, 1921. After 4 days 
of normal fecal reactions, 1 gm. of MgO was taken after each of 
three meals during October 7. 4 hours after the first dose, | hour 
after the second, and 6 hours after a normal stool had been passed 
defecation took place yielding a stool of the consistency of a thin 
paste which had a reaction corresponding to a pH 5.9. This was 
one of the most acid stools encountered during the whole course 
of the work. 16 hours later a soft but not liquid stool having a 
pH of 7.3 was passed. 3 hours later or 24 hours after the first 
dose of the medicine a third stool having a pH of 7.7 was obtained. 
Subsequent stools were normal in reaction. 

The interesting point about this experiment is that the initial 
effect of the administration of magnesium oxide is the production 
of a distinctly acid stool, the effect of the alkali not being ap- 
parent for 24 hours after the first dose was taken. This coincides 
with the statement^ of Hertz and coworkers (5, 7) that salts ad- 
ministered 1 day are not excreted until the following day although 
the laxative action is produced much sooner. It is supposed that 
the alkalinity is due to the direct neutralization of a part of the 
acid from the stomach and not to a stimulation of secretion. It 
should also be noted that the stool was acid in spite of a supposed 
stimulation of the secretory processes. 

Phenolphthalein . — After a period of 4 days of normal fecal reac- 
tion 0.25 gm. of phenolphthalein was taken after breakfast. 
About 3 hours later a small, formed stool with a marked alkaline 
reaction of pH 7.8 was passed. There is some question as to its 
being the result of the medication, as no further disturbance oc- 
curred and the usual stool on the following day was normal 
After 5 days another dose of 0.5 gm. of phenolphthalein was tfiken 
with the results that on the 2 following days soft, unformed, and 
.acid stools were passed. WitB^ one exception the fecal pH was 
:subnormal for several days. It is possible that factors other than 
the phenolphthalein were operative in producing these results al- 
though the appearance of the feces was normal in other respects 
and the subject suffered no unusual sensations. It is claimed that 
phenolphthalein stimulates both peristalsis and secretion in the 
large intestine, although van der Willigen (17), working with cats, 
failed to notice any abnormal secretion. 


® Hurst (7), p. t349. 
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Physiological Salt Solution . — When the fecal reaction had re- 
mained normal for several days a pint of cold physiological salt 
solution was taken before breakfast. An hour later a stool was 
passed, the first part of which was normal in consistency but the 
last part of which was unusually soft. It was normal in reaction, 
having a pH of 7.3. 2 hours later a second movement occurred. 
The stool was liquid and somew^hat more alkaline than the former 
one although its pH of 7.5 was still within the normal range. No 
other movements took place until the usual one on the following- 
day which was normal in reaction. 

The use of physiological salt solution as a laxative was suggested 
to the author some years ago. The explanation of its action was 
said to be the fact that, being isotonic with other body fluids it was 
not absorbed b}^ the small intestine, which, of course, should not 
contain food, but was passed through to the large intestine where 
the increased bulk of its contents stimulated evacuation . Although 
this explanation may be open to question the fact remains that the 
drinking of a pint or more of physiological salt solution when the 
stomach is empty generally causes the passage of a copious fluid 
stool within an hour. Apparently its action is different from that 
of the other substances used in the present series of experiments, 
all of which tended to produce acid stools. 

Castor Oil . — The reaction having remained constant for several 
da 3 ’'S, a dose of castor oil was taken at 9 p.m. October 30. 6 
hours later a small liquid stool was passed which w^as somewhat 
more alkaline than usual, having a pH of 7.6. It presumably 
consisted of the fecal matter already accumulated in the colon. 3 
hours later a second liquid stool was passed. The reaction was 
slightly acid, pH 6.8. At the usual time, some 2 hours later the 
bowels were evacuated again, the stool being of a pasty consis- 
tency and having a normal reaction. At 2 p.m., however, an acid 
fluid stool was passed having a pH of 6.4. The following morning 
conditions were again normal. 

From this point on the subject suffered from a protracted siege 
of digestive trouble which is distinctly reflected in the fecal reac- 
tion. The first symptoms immediately following the return to 
normal were those of acute diarrhea. The fecal reaction accord- 
ingly dropped and remained acid for 2 days (November 2 and 3). 
After a couple of normal days it again dropped with a mild initial 
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diarrhea and remained at about the neutral point for several days 
during which time the subject suffered from headache and general 
depression. This period finally culminated in one of constipation 
(November 12 to 14) during which the reaction rose to 7.9. After 
several days of low values, accompanied by symptoms similar to 
those experienced before, the normal range was resumed and 
adhered to with one exception. 

This deviation occurred on November 25 and is of interest in 
showing the possible change in reaction within a single stool. The 
first portion passed was normal in appearance and had a reaction 
of 7.6 which is slightl}?* more alkaline than usual. The last por- 
tion was a fiuid, diarrheal stool and had an acid reaction of 6.7. 

Aloes * — After several days of normal reactions 4 gr. of powdered 
aloes were taken with the evening meal on December 1. 12 hours 
later a soft stool was passed, the reaction of which was nearly 
neutral. It was followed 2 hours later by a semifluid movement 
having a normal reaction (pH 7.3), but 5 hours afterwards a fiuid 
stool was passed which had a decidedly acid reaction, pH 6.2, By 
the following day the reaction had returned to the neutral point 
and remained in the normal range for several clays. 

Senna . — 10 gr. of powdered senna were taken with the evening 
meal December 8, The result was the passage of two soft stools 
at intervals of 14 and 19 hours afterwards. These both tended 
towards low reactions although the second and most acid one 
attained a pH of only 6.7. The return to normal followed during 
the next 24 hours. 

Sulfur . — 5 gm. of powdered sulfur were taken with the evening 
meal December 16. No laxative action was apparent and there 
was no unusual change in the fecal reaction. The fecal material 
was somewhat softer than usual but the stools were well formed. 
There was a noticeable odor of sulfide. 

It is apparent from these results that laxatives generally cause the 
lowering of the pH of the feces. All of those tested except physio- 
logical salt solution and sulfur (which latter produced no apparent 
laxative effect) resulted in a distinct increase in acidity. This was 
especially marked in the case of magnesium oxide whose alkaline 
properties did not come into evidence until after the cessation of 
its laxative action. 
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The result with physiological salt solution was the outstanding 
exception. Its laxative effect was apparently as thorough as that 
of magnesium oxide or castor oil, the stool being large and fluid, 
but the reaction was normal. 

Diarrhea is accompanied by acidity and constipation by alka- 
linity of the excreta. 

The Influence of Biological Factors on the Fecal Reaction, 

As was stated above the bacterial flora of the intestine has been 
held chiefly responsible for changes in the fecal reaction, an ab- 
normal acidity being due to the activities of acid-forming bacteria 
while an abnormal alkalinity has been attributed to the excessive 
development of putrefactive organisms. In view of the tremen- 
dous numbers of bacteria known to be present in the intestine this 
statement appears to be entirely warranted, but on account of the 
lack of any experimental evidence it must nevertheless be classed 
as an assumption. With the exception of Rettger^s work the 
author has been able to find no record of any attempt to study 
the actual relations between the biological activities in the in- 
testine and the fecal reaction, although a large amount of work 
has been done by bacteriologists on the intestinal flora and the 
conditions controlling it. 

In the present study the results of Rettger and his associates 
have been utilized. They showed that the drinking of a quart of 
Bacillus acidophilus milk or the ingestion of large amounts of 
lactose will convert the usual mixed flora of the intestine into one 
which is almost a pure culture of Bacillus acidophilus in about 
8 days or less. 

Buffer Action of Feces, — In considering the possible change in 
reaction of a nutrient medium which growing organisms can pro- 
duce, two factors must be considered, i.e, the fitness of the medium 
for the development of the organisms themselves and the readiness 
with which the reaction of the medium can be altered, in other 
words, its buffer power. There is no question about the suita- 
bility of the intestinal contents for the development of bacteria. 
Their ability then to change the reaction of the intestinal contents 
will depend upon the buffer power of this material, if we assume 
for the moment that no other factors enter into the case. Two 
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samples of fecal material were made into thin pastes containing;, 
respectively^ 3.7 and 3.9 per cent of solid matter. They together 
with a sample of plain broth, were then titrated with 0.1 n lactic 
acid and 0.1 n NaOH, 3 ce. samples being used. The results were 
plotted and are shown in Fig, 2, It is apparent that these sus- 
pensions which probabl 3 r approximate in consistency those enter- 

pH 

10.0 


9.0 


8.0 


7.0 


6.0 


5.0 


4.0 

CC. 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 
0.1 N lactic acid 0.1 n NaOH 

Fig. 2. Titration curves for feces and broth. 

ing the cecum, are much more resistant to change of pH by the 
action of acid than is ordinary broth, the latter requiring only 
about f CC. of the acid to increase its acidity practically to the 
limit of growth of most organisms, whereas 1 cc. of the acid still 
left the reaction of the fecal suspensions well above this limit. 
Raising the pH above the neutral point takes place with equal 
case in both media. 
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Effect of Bacteria on the Reaction of Fecal Suspensions in Vitro . — 
A sample of feces was next macerated with physiological salt 
solution in a mortar and the resulting suspension passed through 
a sieve to remove coarse debris. As finally used it contained 9.5 
per cent of solid matter. 5 cc. portions were transferred to sterile 
test-tubes, some of which contained 0.1 gm. of lactose. Half 
were then autoclaved and each was inoculated with 1 cc, of a sus- 
pension (turbidity 4 on McFarland’s scale (11) corresponding to 
about two billion bacteria) of one of the organisms as indicated. 
Table IV gives the reactions after 24 hours incubation at 37®. 


TABLE IV. 


Contents of tube. 

Organism. 

Reaction. 

Unsteril- 

ized, 

Sterilized. 



■pll 

pH 

Feces (original material). 


7.3 


a 

None. 

7.1 

7.4 

■+■ lactose. 

cc 

5.0 

6.8 

cc 

B. bulgaricus. 

, 6.7 

7.3 

+ lactose. 

cc cc 

5.0 

5.6 

a 

“ acidophilus. 

6.7 

7.1 

“ + lactose. 

cc 

5 .0 

4.9 

a 

“ mesentericus vulgaris. 

6.8 

6.8 

cc 

protens vulgaris. 

8.0 

7.2 


During incubation the uninoculated, unsterilized material 
changed its reaction only 0.2 pH. The result is in agreement with 
observations of Howe and Hawk and the author’s own experiences; 
viz., that the reaction of fecal suspensions does not change greatly 
on standing for some hours. 

The corresponding tube to which lactose was added developed 
a marked acidity indicating the presence of acid-forming organisms 
whose growth, in the absence of other factors was stimulated by 
the increased food supply. All of the lactose-containing tubes 
developed an acidity almost equal to the tolerance of the organisms, 
except the sterilized control tube which showed only a slight 
decrease in pH probably due to the splitting of the lactose during 
sterilization. 
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Evidently the presence of lactose is the determining factor in 
the development of fecal acidity by acid-forming organisms in 
vitro. Were it possible to cany the analogy of the test-tube to 
the intestine it would seem that a heavy lactose diet which causes 
the intestinal flora to become almost a pure culture of Bacillus 
acidophilus and which also causes the appearance of lactose (pre- 
sumably) in the feces should produce some increase in the fecal 
acidity. 

Rettger and Cheplin^ determined the pH of the feces of sub- 
jects before and after the conversion of the mixed flora into one 
predominant with acid producers. They found that after the 
change in flora the reactions were still within the normal range; i,e,, 
the changes were no greater than the differences between individual 
subjects. Their method of procedure may be questioned, how- 
ever. As was shown in a preceding section of this paper the fecal 
reaction usually lies within the limits pH 7.0 to 7.5, but values 
are frequently noted which lie without this range. In determin- 
ing the range on a number of subjects on any 1 day the usual 
range may be considerably extended by the chance occurrence of 
one of several causes. An individuahs normal reaction might be 
considerably lowered and still lie within such a range. For the 
same reason a single determination can hardly be relied upon to 
give a true picture of a subject’s condition. When the reaction 
is followed from day to day, however, any protracted change can 
be detected by the lowering of the general level of the curve. 

Effect of Drinking Bacillus bulgaricus and Bacillus acidophilus 
Milk and of Lactose Feeding upon the Fecal Reaction, — ^I^'or this 
work each subject drank daily between 9 p.m. and 5 p.m. a quart 
of whole milk which had been heavily inoculated with the or- 
ganisms and incubated for 12 to 18 hours at 37°. 

Instead of taking mixed samples of the whole stools, portions 
from opposite ends were taken and tested separately. This was 
done because from the results the probable reaction of the mixed 
stool could be obtained as the average and also because it was 
found that certain relationships not apparent from figures with 
the mixed samples became plain when the method of sampling- 
ends was employed. 

As was pointed out above and shown in Table I the intestinal 
contents normally increase slightly in alkalinity during their 
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passage through the terminal part of the colon. It might be pre- 
dicted that rmder the influence of a flora predominantly aciduric 
this condition would be reversed and the reaction become more 
acid. This appears to be what actually does take place in some 



cases and while, as Rettger and Cheplin claimed, the reaction^of 
the material does not fall below the normal, due probably to a 
compensating physiological adjustment, a lack of food, or both, 
which tends to keep it near neutrality, the tendency towards acid 
formation is evidenced by the change in the type of curve. 
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In Fig. 3 are shown graphically the results of these experiments. 
In this figure the slanting parts of the curves repi’csent the change 
in reaction within the stool itself while the vertical portions show^ 
the change in reaction of material in passing through the last 
part of the colon. Curve I shows a normal period. Curve 11 
shows the reactions during the period of drinking a quart of 
Bacillus hilgaricus milk daily. In this case, however, the type of 
curve did not change. There are two exceptional values, but 
such occur occasionally even under ordinary circumstances and 
probably indicate a transient disturbance which normally is 
promptly corrected as it was in the present instance. This result 
substantiates in a chemical w'ay Rettger^s results. lie found it 
impossible to implant Bacillus bulgaricus in the human intestine. 

With Bacillus acidophilus milk the picture is quite different, the 
type of curve (Curve III) being completely changed and remain- 
ing so for some time after the cessation of treatment. 

Curves IV and V show the effect of lactose feeding upon the 
fecal reaction as determined by mixed samples from the whole 
stools. Enttger observed an increased acidity with one subject 
which he attributed to some intestinal irritation. The curves in 
Fig. 3 show that this is probably correct. Curve IV, which rep- 
resents results with Subject B, shows a pronounced drop in the 
fecal reaction with accompanying diarrhea which occurred at the 
start of the treatment. This effect was not noticed later when the 
work for Curves VI and VII was being done with the same sub- 
ject so that it is not necessarily a constant one with any one person. 
With Subject A, however, it always took place whenever lactose was 
fed. He seemed to be peculiarly sensitive to lactose feeding, possibly 
because his usual diet was almost milk-free. The addition of a 
quart of whole milkor of afew grams of lactose daily to his diet was 
always accompanied by a drop in the curve though the values were 
never much below the neutral point. But when the n,ttempt was 
made to give him 200 gm. of lactose per day the resulting diarrlK^a 
was so severe that the experiment had to be stopped. The fecal 
reaction was in this case markedly lowered. Curve V shows the 
result of these trials. Possibly infants may exhibit the same 
sensitiveness to this sugar, which would explain the reported 
acidity of the feces of infants while on a diet of mother’s milk, 
which is richer in lactose than is cow’s milk. 
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Curves VI to IX show the results of lactose feeding on Sub- 
jects C, and D, the ends of the stools being sampled. Two 
tests were made with Subject B with about a 2 week interval 
between them. Both curves were of the normal type. The pres- 
ence of reducing substances in the feces was never demonstrated 
with certainty nor was there any unusual increase in acidity after 
the samples had been allowed to stand for 24 hours although 
during the last few days of the second experiment the amount of 
lactose taken was increased to about 400 gm. per day. Similar 
results were obtained with Subject C although Benedict's reagent 
showed the presence of reducing substances and the reaction de- 
creased by from 0.5 to 0.7 pH on standing 24 hours. The reac- 
tion never dropped as low as when lactose was added directly to 
the fecal material as in the experiments described above. 

With Subject D reducing substances w^ere alwa^^s present and 
the acidit}^ w^as increased on standing to about the same extent as 
did the material from Subject C. The type of curve, howwer, 
changed to the form obtained w^hen acidophilic milk was used. 

Unfortunately, bacteriological examinations could not be made 
in connection with the chemical work, hence no positive statement 
can be made regarding the relationships between the above results 
and the changes in the bacterial flora. The true significance of 
the two forms of curves must therefore be uncertain. It may be 
that wdth Subjects B and C the flora remained unchanged, as 
Rettger found to be the case in one instance.^ On the other hand, 
this feature may depend upon personal idiosyncrasies quite inde- 
pendent of the intestinal flora. The more probable explanation 
is that in some cases the increased activity of the acid-producing 
flora is counterbalanced by the increased activity of the compensa- 
tory mechanism of the intestine. It appears to be a safe assump- 
tion, based on Rettger's results, that the intestinal flora w\as con- 
verted in all cases. 

It is very evident, however, that in no case was there a noticable 
protracted increase in the acidity of the feces. In ordinary fecal 
material which has reached the colon such an increase is apparently 
prevented by a lack of available food even with a bacterial flora 
which is predominantly acidophilic, since the reaction fails to 
show a marked change on incubation after receiving a heavy inocu- 

^ Rettger and Cheplin (14), p, 70. 
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lation of Bacillus acidophilus. But the addition of lactose to such 
material either with or without inoculation is accompanied by the 
development of a degree of acidity practically equal to the limit 
of endurance of the organism. Hence the conclusion appears 
justified that one limiting factor in the development of acidity in 
ordinary fecal material after it reaches the colon is the supply of 
appropriate food. But when by heavy lactose feeding, suitable 
nutrient material does find its way into the lower intestine the 
regulatory mechanism of the bowel still prevents the attainment 
of a degree of acidity which is reached in vitro. There are then 
these two obstacles to the production of acidity in feces by bio- 
logical means. The}^ make untenable the assumption that the 
production of acid stools is ordinarily effected by bacteria. 

The data regarding the factors instrumental in the production 
of fecal alkalinhy are not so clarifying. The retention of feces 


TABLE V. 

A mmonia Content of Feces. 



Sample I. 

Sample 11. 

! 

a 

b 

a 

b 

pH 

7.9 

6.G 

8.0 

7.4 

NHs parts per million 

i 

468 

884 

1 251 

503 


in the colon is generally accompanied by an increase in the alka- 
linity. The biological explanation for this is that it is clue to the 
production of ammonia by putrefactive organisms. This result 
does not appear to be a common one in vitro as it was observed in 
the present work only in one case; i.e., one tube of material inocu- 
lated with Bacillus proteus. This result is doubtful sincje the 
same material which had been sterilized previous to inoculation 
showed no such behavior. Throughout the present work there was 
always production of acidity in material upon standing rather 
than an increase in alkalinity. This, together with the apparent 
tendency of the bowel to secrete alkali, makes the physiological 
explanation appear the more plausible. Additional support is 
given this contention by the following experiment. 

The reaction of the samples from the ends of two stools was 
determined, the material made acid with acetic acid and then 
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dried on the steam bath. The dried material was then weighed in- 
to Kjeldahl flasks, , water and magnesium oxide were added, and 
the ammonia was boiled off into 0.02 n acid. The results appear 
in Table V. 

It is, of course, necessary for additional work to be done before 
definite conclusions can be drawn regarding this point. At the 
present time it can only be said that there is no. experimental 
evidence that the alkalinity of feces is due to bacterial rather than 
ph^^siological causes. 

SUMMARY. 

The normal fecal reaction of apparently healthy men on mixed 
diets lies between pH 7.0 and 7.5 though temporary variations 
beyond this range may occur without giving rise to any unusual 
sensations on the part of the subject. 

The effects of some common laxatives on the fecal reaction were 
studied. The usual result is the production of an acid stool. The 
administration of the alkali, magnesium oxide, does not differ from 
the others in this respect but the fecal material passed after the 
cessation of the laxative action is unusually alkaline. 

The physiological factor is the predominant one in influencing 
fecal reaction, no result being noticeable from the introduction of 
acidophilic bacteria into the intestine. The intestine apparently 
exerts a regulatory influence which prevents the development of 
acidity by microorganisms. There is evidence that alkalinity in 
feces is also due to physiological rather than biological causes, 

In conclusion the author desires to express his thanks to Dr. W. 
L. Chandler for suggestions regarding this work and to Mr.R.L. 
Tweed for supplying bacterial cultures and assistance in certain 
experiments. 
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STUDIES OF AUTOLYSIS. 

VIII. THE NATURE OF AUTOLYTIC ENZYMES. 

By H. C. BRADLEY. 
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Madison.) 
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Dernby (1, 2) has recently advanced the theory that the en- 
zymes concerned in antolysis of tissues are mixtures of pepsin, erep- 
sin, and trypsin, and has pi'esented evidence to support this view 
from a study of protein digests made up with mixtures of these 
enz^nnes. His artificial mixtures show optimum amino-acid pro- 
duction in a medium which is somewhat acid (pH 5 to 6) just as 
is the case in autolyzing gland tissues and at this H ion concen- 
tration all three of these enzymes can act. 

While this conception of the autolytic mechanism appears to 
simplify and explain many of the phenomena of autolysis, it is 
not in harmony with all the facts, nor are the experiments pre- 
sented by Dernby of such a crucial character as to be entirely 
convincing. As a matter of fact there is much evidence in Dern- 
by 's own data which must cast doubt on the validity of this hypoth- 
esis. It must be questioned whether applying the names of 
such well known and definitely characterized proteolytic com- 
plexes as pepsin and trypsin to the enzymes of tissues does not in 
the end complicate rather than clarify the situation. Since these 
names connote very definite properties, developed by decades of 
research, it must result in a certain confusion of ideas to apply 
them to other protease groups, unless these latter are found to 
have closely similar properties. 

Before accepting Dernby^s classification of the enzymes con- 
cerned in tissue breakdown as closely related to pepsin, erepsin, 
and trypsin, it should be possible to subject tissues to such crucial 
conditions as to develop conclusively the properties of these en- 
zymes if they are actually present. Unless there is positive evidence 
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of the very close similarity of properties, these historic names 
should not be applied. In the case of erepsin, or the ereptases, 
there is evidently much more latitude allowable than in the case 
of pepsin and trypsin. The ereptases — enzymes which do not 
digest the ordinary native proteins, but do hydrolyze their pri- 
mary cleavage products — are wddely distributed in animal tissues 
(3 to 6). There may indeed be ground for believing this type of 
enzyme in the tissues to be identical with the erepsin of the small 
intestine. It is not the purpose of this study to investigate prop- 
erties of the ereptic group of proteases. It is our intention, 
however, to apply selected tests to tissues whose autolysis is best 
known, with a view to proving definitely the presence of pepsin 
and trypsin, or their absence. This may be done in two ways. 
One involves adding pepsin and trypsin to autolyzing material 
and determining in what ways this changes the digestive picture, 
the other involves subjecting the tissues to extreme conditions, 
under which pepsin or trypsin may still function, but which bring 
autolysis to a complete standstill. 

At the outset it seems advisable to define our terms in accord 
with the widely accepted conceptions of pepsin and trypsin and to 
summarize concisely the outstanding features of organ autolysis 
pertinent to this investigation. 

Trypsin is that enzyme complex first found secreted by the pan- 
creas and extractable from the gland itself (7 to 10). It is charac- 
terized by the fact that it reacts in acid, neutral, and alkaline media, 
or between a pH 9db to about 4.6 + . Its optimum is in the neighbor- 
hood of 7.8. It digests many native proteins, as of the tissues,^ 

1 On pages 187 and 188 Dernby (2) makes the following assumption which 
is misleading: “Most native animal proteins, are attacked by pepsin but not 
by trypsin, the latter enzyme acting only on the products of peptic diges- 
tion.^' On page 210 appears the statement “In alkaline solutions . * . . 
trypsin can digest only the peptones which are present from the begin- 
ning," and later “Without the pre-treatment in acid most of the material 
would have remained in the form of native protein indigestible by trypsin . " 
This conception of tryptic activity is certainly not the usual one, and 
does not coincide with the widely accepted data on it (10). We have many 
experiments which indicate that liver and kidney at least are very com- 
pletely and rapidly hydrolyzed if trypsin is added, and that without any 
chance for preliminary peptic cleavage. Dernby's own experiments 
furnish evidence of this also; for example Table XXVIII shows the pancreas 
autolyzing best at an initial pH of 7.9, which makes preliminary peptic 
digestion impossible. 
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quite rapidly, although the skeletal or connective tissue group is 
resistant to it. Hydrolysis proceeds to the amino-acid stage, with 
the cleavage of the proteose and peptone fragments so rapid, that 
these are never found in large amounts in a typical tryptic diges- 
tion. While preliminary peptic digestion of native proteins un- 
questionably facilitates subsequent tiyptic digestion, it is by no 
means essential whem tissues are being used as substrata, as will 
appear in the experiments below. Trypsin can hydrolyze the 
liver and kidney proteins at such low H ion levels that peptic 
cleavage is entirely ruled out. Whether the action of the pan- 
creatic extract is due to trypsin alone, or to a mixture of trypsin 
and erepsin is of no significance in this connection since erepsin 
is conceded present in both the pancreas and the other organs such 
as kidney and liver. Tryptic digestion may be most conveniently 
estimated by the amino-acid production. 

Pepsin is the proteolytic enz 3 une characteristic of the gastric 
juice (11 to 16). It hj^-droh^zes practically all the common native 
proteins, with the exception of keratin, and in a medium ranging 
from a H ion of pH 1.5db to 7.0 By the action of acid-pepsin 
the native proteins are rapidly broken up into the larger polypep- 
tides, constituting the proteose and peptone groups. Amino-acids 
are split off during peptic digestion, but at an extremely slow rate 
{cf. Table IV). Peptic digestion cannot be estimated satisfac- 
torily therefore by amino-acids, but by some measure of initial 
cleavage, such as non-coagulable nitrogen, non-precipitable nitro- 
gen, or by the colorimetric measurement of tyrosine-containing 
fragments. This latter method we have used as our criterion of 
initial cleavage. 

Autolysis of liver and kidney is characterized by the following 
outstanding features (17). At a pH of 7 to 8 autolysis is at a 
standstill, at higher H ion levels it proceeds more and more rapidly 
and in rough proportionality to the increased acidity to an opti- 
mum, at pH 4.0 to 4.5 (if HCl is added). Strictly speaking an 
extremely slow hydrolysis can be recognized at pH 7 to 8, but it is 
so small as to be of no significance in this discussion. At optimum 
acidity all of the gland but a small residue, which consists chiefly 
of connective tissue, pigment, and nucleins digests to amino-acids. 
The optimum acidity is approximated in our experiments by add- 
ing 25 to 40 cc. of 0.2 n HCl to 50 gm. of tissue, made up to a final 
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volume of 250 cc. Where more acid is added aiitolysis is dimin- 
ished, and at a pH 3 to 2 . 5 , corresponding to 75 to 100 cc. of 0.2 n 
HCl in the digest, autoh^sis is practically at a standstill. What 
little digestion occurs at this level may very well be due to acid 
alone and in any event is too small to be of significance here. 

With the above summaries much of Dernbyis experimental data 
is in complete accord. For example his artificial mixtures of 
pepsin and trypsin digest gelatin very well at the highest acidity 
reported (pH 2) and the curves indicate that at a pH of 1+ peptic 
digestion would have gone on. The same is true when this arti- 
ficial mixture of enzymes acts on coagulated liver. There is 50 
per cent of the optimum activity at a pH 2, where trypsin is 
largely inhibited. But when fresh liver suspension is used^ there 
is no evidence of gelatin digesting at pH 2.6, though it does go 
well at pH 3.8. In other words digestion of gelatin by liver, is 
completely inhibited by an acidity where pepsin is at its optimum. 

There is much further evidence presented in Dernby^s excellent 
paper which points to the very real differences between pepsin, 
trypsin, and the autolytic enzymes of such tissues as the liver. 
The data which follow bring out these differences so clearly, that 
we are convinced that the classic names trypsin and pepsin cannot 
advantageously be applied to the enzymes of such tissues as liver 
or kidney. 

EXPERIMENTAL PART. 

The procedure followed is that which we have used in previous 
investigations (18), In it we measure the final stage of proteolysis 
by titrating amino-acids. 

To study the earlier steps of cleavage we have applied the colori- 
metric method of Folin and Denis ( 19 ) to the same trichloroacetic; 
acid filtrates, used for amino-acid estimations. 5 cc. of these 
filtrates are treated with 5 cc. of the reagent and after standing 5 
minutes, 20 cc. saturated NaaCOa solution are added, and the 
mixtures made up to 60 cc. These are then compared with 
standards, containing 0 . 5 , 1 . 0 , and 1.5 mg. of tyrosine, respectively, 
using that standard which appears to be nearest the concentration 
of tyrosine in the unknown. The materials which give the color 
are assumed to be polypeptides containing tyrosine together with 
some free tyrosine. 


^Dernby (2),p. 193. 
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Effect of Trypsin . — The effect of trypsin on gland tissue may be 
illustrated by the autolysis of pancreas itself at various H ion 
levels. It is seen to digest best at a H ion level of pH 8+, and is 
very active even at pH 9.3 (initial). 

If trypsin is added to some other tissue such as kidney or liver 
its presence alters the picture of autolysis in a characteristic way. 

The data presented below, typical digests confirmed by many 
similar ones in our study of this problem, show quite clearly that 
when trypsin is known to be present the kidney suspensions digest 
best in the low H ion levels produced b^^ added alkali. With 
increasing acidity the effect of trypsin grows less, and in the range 


TABLE I. 
Pig^s Pancreas. 









1 

).20n 

amino-acid. 



No. 



Condition. 


pH 



Days. 



Net 

gain. 








0 

1 

3 

7 

1 20 

1 








cc. 

cc. 

cc 

cc. 

cc. 

cc. 

I 

Control... 




6.30 

0.35 

3.30 

4.10 

4.40 

5.00 

4.65 

II 

a 

+ 

25 

cc.HCl 

4.75 

0.35 

2.20 

3.85 

4.30 

15.00 

4.65 

III 

a 

-h 

50 

it 

it 

4.00 

0.35 

f.l5 

1.80 

,2.60 

|3.05 

2.70 

IV 

it 

+ 

100 

it 

it 

2.60 

0.35 

0.40 

0.40 

0.50 

0.50 

0.15 

V 

it 


200 

it 

it 

1.20 

0.35 

0.40 

0.40 

:0.50 

0.50 

0.15 

VI , 

it 

4* 

12. 

Qit 

NaOH. . . . 

7.02 

0.35 

3.85 

4.40 

4.40 

5.05 

4.70 

VII 

it 

-f 

25 

it 

it 

7.78 

0.35 

4.25 

4.75 

4.60 

5.40 

5.05 

VIII 

it 

+ 

50 

it 

it 

8.40 

b.35 

3.95 

4.40 

4.50| 

5.70 

5.35 

IX 

it 

4- 

100 

it 

it 

9.36 

0.35 

3,15 

3.65 

4.00 

4.90 

4.55 


of acid giving optimum autolysis, the effect of trypsin is quite 
small. The mixture containing trypsin digests best in an alkaline 
medium— pH 8 — where autolysis alone is practically at a stand- 
still. This is dear evidence that trypsin does catalyze the initial 
cleavage of these native tissue proteins without preliminary acid 
cleavage. Furthermore the actual amino-acid level reached in 
the time of the digest is seen to be higher than when autolysis is 
allowed to proceed under its optimum conditions; le., with 25 to 
50 CG. of 0.2 N HCl present. This means evidently that more pro- 
teins are hydrolyzed by trypsin than by the autolytic enzymes 
alone, even under the best environment. 
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TABLE II. 


Beef Kidney. 


No. 

Condition, 

pH 

0.20 N amino-acid. 

Days. 

d 

’S 

W) 

n due to 
ypsin. 




0 

1 

i 3 

8 

"S 

12; 

d "p 

o 

I 

Control 

6.3 

cc. 

0.50 

cc. 

0.60 

cc. 

0.70 

cc. 

0.75 

CC. 

m25 

cc. 

II 

-f trypsin 


0.55 

2.70 

3.60 

3.60 

3.10 

2.86 

III 

+ 10 cc. HCI 

5.5 

0.50 

1.00 

1.40 

1.45 

0.95 


IV 

“ + 10 “ “ + trypsin. 


0.55 

2.40 

3.60 

3.75 

3.20 

2.25 

V 

“ 9;K “ “ 

4.7 

0.50 

2.00 

2.90 

3.15 

2.65 


VI 

“ + 25 “ “ + trypsin. 


0.55 

2.10 

'3.10 

3.55 

3.05 

0,40 

VII 

“ + 50 “ “ 

4.0 

0.50 

1.65 

2.45 

2.75 

2,25 


VIII 

“ + 50 “ “ + trypsin. 


0.55 

2.00 

2.70 

3.20 

2.70 

0.45 

IX 

“ + 25 “ NaOH 

7.8 

0.50 

0,60 

0.65 

0.65 

0.15 


X 

“ + 25 “ “ + trypsin. 


0.55 

o 

CO 

CO 

3.90 

3.90 

3.35 

3.20 


TABLE III. 


Beef Kidney, 


No. 

condition. 

Tyrosine in 5 co. 
filtrate. 

Days. 

.2 

’3 

bj) 

n due to 
ypsin. 



0 

1 

3 

; 8 


*3 4* 

O 

I 

Control 

ini 7 . 

0.15 

mg. 

0.17 

mg. 

0.17 

mg, 

0.17 

mg. 

0.02 

mg. 

II 

« + trypsin 

0.15 

0.40 

0.40 

0,40 

0.26 

0.23 

III 

+ 10 cc. HCl 

0.15 

0.20 

0.23 

0.23 

0.08 


IV 

+ 10 + trypsin... 

0.15 

0.34 

0.40 

0.40 

0.26 

0.17 

V 

, 4. a 

0.15 

0.32 

0.37 

0.37 

0.22 


VI 

“ +25 “ “ + trypsin... 

0.15 

0.34 

0.40 

0.40 

0,25 

0.03 

vir 

“ + 50 “ “ 

0.15 

0.32 

0.37 

0.37 

0.22 


VIII 

“ +50“ “ + trypsin... 

0.15 

0.34 

0.40 

0.40 

0.25' 

0.03 

IX 

“ + 25 “ NaOH 

0.15 

0.15 

0.15 

0.15 

0,00 


X 

“ + 25 “ “ + trypsin . . . 

0.15 

0.40 

0,40 

0.40 

0.25 

0.25 


If the liberation of tyrosine be taken as a criterion of early 
cleavage, we again find a very marked contrast between the be- 
havior of tissue alone and when supplemented by trypsin. The 
cleavage of the protein into fragments suSiciently small for the 
development of this color reaction takes place very rapidly when 
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trypsin is present, whether the mixture is acid, neutral, or alkaline. 
The less acid, however, the more rapidly is the fcyrosine complex 
split off. In autolysis alone the liberation of tyrosine in alkaline 
mixture is so small as to be inappreciable. 

Summary. — (a) With trypsin present the gland tissues studied 
— pancreas, kidney, and liver — ^behave alike. Initial cleavage 
measured by the tyrosine reaction goes on faster in alkaline than 
in acid mixtures. Under identical conditions, but without tryp- 
sin, the autolytic enzymes effect the least amount of initial cleav- 
age, and in the case of beef kidney this may actually be zero. 
This is evidently not merely a quantitative difference, but a genu- 
ine difference in land. (&) With tr37-psin present, amino-acids ap- 
pear most rapidly in strong^ alkaline mixtures, where autolytic 
digestion is practically at a standstill, when tested by the same 
criterion. Here again we have evidence of a difference in kind, 
rather than a difference in degree. 

By both methods the unaided tissue fails to show evidence of 
trypsin under just those conditions where trypsin acts best. If 
trypsin is not to be found under its own optimum conditions, we 
are justified in concluding that it is not there. Although there are 
certain quantitative differences between autolysis of kidney and 
liver, the latter behaves so much like the former that we need not 
present the experimental figures to apply the same conclusions 
to it. 

Effect of Pepsin , — It is distinctly more difficult to devise a 
series of experiments which shall serve to prove or disprove the 
presence of pepsin in a tissue. The very fact that autolysis pro- 
ceeds better with increasing acidity makes the hypothesis that the 
enzyme complex facilitating autolysis is a pepsin-erepsin mixture 
all the more tenable. Furthernjiore, the inhibition of autolysis 
by still higher acidity is by no means a sharp or clean-cut phenom- 
enon, and in some livers it is less sharp than in others. 

If pepsin is allowed to act on coagulated liver, using the same 
amounts of tissue and the same final volume as in our standard 
autolysis technique, we have an approximate measure of the rate 
of amino-acid production which this enzyme alone may produce 
when added to uncoagulated liver, and we can get a fair indication 
of the optimum acidity. As is seen in Table IV, the production 
of amino-acids is very slow, as compared with autolysis, and it 
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increases with increasing acid up to a high H ion concentration 
(pH 2.0). There is a rough proportionality between the amount 
of acid added and the amino-acids produced. 

If pepsin is added to a fresh tissue mixture, under varying pH, 
we find that it increases autolysis to some extent over the whole 
range, hut least at the optimum acidity for autolysis itself. At this 
concentration of acid the primary fragmentation of the native 
tissue proteins goes on so fast that the addition of pepsin does not 
markedly alter the picture as a whole. If this initial fragmentation 
is due to pepsin, that enzyme must be there in abundance, and it 
should be easy to recognize it at the higher acidities where pepsin 
is known to act best. 

TABLE IV. 


Coagulated Liver and Pepsin. 


No. 

Condition. 

0.20 N 
amino-acid. 

Net 

gain. 

Gain 
due to 
HCl. 

0 

Days. 

3 

13 



cc. 

cc. 

cc. 

cc. 

cc. 

I 

Control (50 gm. coagulated liver, 10 







cc. 5 per cent pepsin) 

0.25 

0.30 

0.35 

0.10 


II 

Control + 10 cc. HCl 

0.25 

0.30 

0.35 

0.10 

0.0 

III 


,0.25 

0.35 

0.40 

0.15 

0.05 

IV 

+ 50 '' '' 

0.25 

0.45 

0.55 

0.30 

0.20 

V 

+ 75 '' 

0.25 

0.50 

0.60 

0.35 

0.25 

VI 

“ + 100 “ “ 

0.25 

jO.55 

0.75 

0.50 

0,40 

VII 

“ + 125 “ “ 

'0.25 

0.60 

0.80 

0.55 

0.45 


In Table V, the addition of 25 cc. of 0.2 n HCl gives the opti- 
mum autolysis. Pepsin scarcely increases the amino-acid titer at 
any stage of the 8 day autolyses. The addition of 50 cc. of 0.2 n 
HCl is sufficient to decrease autolysis while with pepsin added it is 
not decreased. Evidently here the change from 25 to 50 cc. of 
acid is sufficient to inhibit slightly the initial cleavage in autolysis 
alone. The subsequent digestion of primary cleavage products is 
not affected, since the addition of pepsin produces the same amino- 
acid titer as in the optimum autoljrsis. 

In Table VI this interesting phenomenon is still more evident. 
Pepsin markedly increases amino-acid in the control, less at the 
optimum for autolysis, and more again when acid inhibition of 
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TABLE V. 


Beef Kidney, 




0.20 N amino-acid. 


Gain 
due to 
pepsin. 

No. 

Condition. 

0 

Da; 

1 

ys. 

3 

8 

Net 

gain. 

I 

Control 

cc. 

0.50 

cc. 

o.eo 

cc. 

0,70 

cc. 

0.75 

cc. i 

0.25 

cc^ 

II 

+ pepsin 

0.50 

0.70 

0 . 85 ! 

0.85 

0.35 j 

0 . 10 “ 

III 

+10 CC. HCl 

0.50 

1.00 

1.40 

1.45 

0.95 


' IV 

“ + 10 “ “ + pepsin.. 

0.50 

1.20 

1.60 

1.80 

1.30 

0.35 

V 

“ + 25 “ “ 

0.50 

2.00 

2.90 

3.15 

2.65 


VI 

“ +25“ “ + pepsin.. 

0.50 

2.10 

3.00 

3,25 

2.75 

0.10 

VII 

“ + 50 “ “ 

0.50 

1.65 

2.45 

2.75 

2.25 


VIII 

“ 4* 50 “ + pepsin.. 

0.50 

2.00 

2.80 

3.25 

2.75 

0.50 



JOUEKTAL OF BIOLOGICAL CHEMISTET, VOL. LII, NO. 2 




Pig^s Liver. 


476 


Studies of Autolysis. VIII 






— 

lO 

»o 

— 

— 

— 

— 

— 

— 

— 

— 


to 


to 


o 



O TJ 


O 


t-H 

CO 










o 


o 


rH 



o|§ 




r-l 

o 










d 


d 


d 







lO 

o 

o 


lO 

o 

o 

o 

o 

lO 

o 

o 

to 

P 

to 

o 

o 

to 



"o.S 


o 

lO 



tH 

rH 

o 

lo 

C55 

CS5 

CM 

o 

r-l 

o 


o 

05 

rH 

rH 



^ felO 



r-l 


CM 

d 

o 

CO 

CO 

CO 

CM 


d 

d 

d 

d 

d 

o 

d 

iH 






lO 

o 

O 

10 

)lO 

o 

o 

o 

O 

i-O 












CD 

ji 

00 

o 


TtH 


CO 

rH 

to 

lO 

00 














rH 

CO 

CM 

o 

o 

CO 

■d 

tH 

CO 

rH 









1 





O 

»o 

O 

o 


o 

o 

o 

o 

to 

o 

O 

to 

o 


o 

o 

to 



CO 

S 



l> 

»o 

rH 

rH 

IQ 

o 

1.0 

CO 



o 

to 

tTD 


S 


CQ 



tH 

d 

CM* 

d 

d 

CO 

CO 

CO 

CO 

rH 

d 

d 

d. 

rH 

d 

rH 

d 

rH 

1 

oj 


oj 






















p 



o 

o 

lO 

Q 

iO 

o 

O 

»o 

o 

to 


o 


to 


to 

to 

o 

(5 



K-l 

o 

T-I 

rH 

tH 


CO 

<35 

CO 

rH 

IQ 


<X) 


05 


IQ 

TjH 

p 

o 





tH 

oi 

oi 

d 

d 

CM 

CO 

CO 

(oi 

tH 

d 

d 

d 

d 

d 

rH 

d 

yH 

<6 





o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o. 


o 


O 

Q 

O 




o 

« 

CO 

CO 

CO 

CO 

CO 

o 

CO 

CO 

CD 

CO 

hH 

CO 

CD 

to 


CD 






d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 



w 



o 

UO 

o 

o 

00 


















CO 

!>; 

o 

o 

tH 














_ 


p< 



d 



d 

tH 

_ 

__ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

„ 






to 

O 

o 

to 

o 

o 

to 

to 

to 

Tt^ 

C30 

to 


rH 

rH 

CQ 

00 

o 

rH 

d 

r-i 

CM 

tH 

d 

d 

d 

tH 


1 


O 5 s 3 

w 


»Q O O O 
01)10 0 0 
r-( 


.g 

TO 

ft 

CD 

ft 

+ 


.3 

TO 

Ph 

QJ 

Ph 

+ 


ft 

CD 

ft 

+ 


.g 


^^++++1 

ft"^ '* '* E^f^ooO' 
9^ ^ o »o ilo o ' 

T-« ft g ft rH 


iO O O O 
CM iiO O O 


o o 
o p 


pj ^ 

o 

O 



H. C. Bradley 


477 


autolysis begins to appear (c/. Nos* I to VIII in this series) , When 
the acidity reaches the level represented by No. IV (pH 2.6), 
aiitolysis is completely stopped {cf. Figs. 1 and 2) . But the action 
of pepsin in No. IX at this level is much better than at the level of 
Nos. Ill and VIII. This coincides with its action on the same 
liver when coagulated, as Nos. XV and XVI. At the same time, 
making all possible allowance for the amino-acids produced by 
pepsin alone (0.85 cc.), we find the further digestion of the pri- 
mary cleavage products proceeding at a rapid rate. Thus in No. 
IX as in No. IV, autolytic primary cleavage is negligible. The 
total amino-acids, therefore, must result from pepsin and the 
erepsin of the tissue. Subtracting the amino-acids referable to 
to pepsin, we get 2.75 cc. — 0.85 cc. = 1.90 cc. of amino-acids 
resulting from the ereptic disintegration of the products of peptic 
digestion. In Nos. V and X the ereptic enzymes are inhibited. 
The amino-acids found in No. X are produced by pepsin alone, 
and correspond closely with those produced in No. XVIII. 

In Table VII the rate of initial cleavage is determine^ by the 
tyrosine reaction. The figures are not as accurate as they are in 
the amino-acid titrations .but they are sufficiently so to show that 
primary cleavage goes on when pepsin is present, in this series 
Nos. IX and X, at an acid level which completely inhibits cleavage 
by the autolytic enzymes themselves. Nos. IV and V. (The 
cleavage in Nos. IV and V corresponds fairly well with that pro- 
duced by acid alone on coagulated liver proteins, c/. Nos. XV and 
XVII.) In short we find that primary cleavage by the proteases 
of the liver is completely inhibited at pH 2.6+, while with pepsin 
present, primary cleavage goes on best at pH 1.2-f. The inhibi- 
tion of autolysis as a whole at pH 2.6+ is due to inhibition of 
primary cleavage and is not due to inhibition of the erepsin effect. 

In Fig. 3 the behavior of liver mixture to varying amountis of 
acid is shown, at the end of the 1st and 6th day. W^ith pepsin 
present, initial cleavage increases with acidity throughout the 
entire range of the experiment (pH 6.2 to 1.2). With pepsin 
absent, the optimum, followed by complete inhibition, form the 
outstanding features. 

In Fig, 4 is shown the effect of pepsin on the amino-acid pro- 
duction in autolyzing liver. The dotted line indicates amino- 
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acids referable to the activity of pepsin in the mixture. The 
maximum effect appears where autolysis is minimal. 

Effect of Prelwiinary Acidificatmi , — If a tissue is first made 
acid, and later this acid exactly neutralized, the tissue has been 
altered so that autolysis will now proceed in a neutral, acid, or 
alkaline medium. This phenomenon was described by Dernby 
and we have repeatedly confirmed the observations. The initial 
cleavage is quite rapid as compared with autolysis as a whole, but 
is not complete in 24 hours, as is seen in Table VIII. | hour con- 
tact does not measurably alter autolysis; 3| hours give a small 
increase of amino-acids; longer contact gives proportionately 
larger final digestion. 

In Table IX this is shown in another way. After 24 hours the 
acid added to No. VI is exactly neutralized. At the end of 2 days 
it and the acid control are just alike, but thereafter the neutralized 
digest falls behind. The primary cleavage was sufficient to supply 
an excess of substratum for the ereptic enzymes for 24 hours, after 
which the diminishing mass of substratum is apparent. Where 
more than the requisite amount of alkali to neutralize HCl is 
added — as in Nos. IV and V — the total autotysis is still more def- 
initely inhibited, when compared with the digest which remains 
acid throughout. This suggests that in the acid mixture there 
is an advantage in more than the initial cleavage of tissue pro- 
teins. This is a point which needs further study. 

Summary , — The primary cleavage of tissue proteins in autolysis 
is effected by an enzyme acting only in acid media. To this 
extent it resembles pepsin in its properties. 

This enzyme, however, is destroyed at pH 2.6+ at which pepsin 
is very active. The optimum for pepsin is about pH 1.5± and it 
is not destroyed till a much higher acidity is reached. The op- 
timum for autolysis is about pH 4.5. Inasmuch as the conver- 
sion of polypeptides to amino-acids goes on very rapidly at this 
H ion level and considerably higher, it is fair to assume that this 
is approximately the optimum pH for the enzyme which effects 
the initial cleavage of the tissue proteins. This is corroborated 
by the fact that the liberation of reactive tyrosine peptides goes 
on best between pH 4.7 and 4.0. When pepsin is present tyrosine 
production goes on best at the high acidity of pH 1.2. 
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These differences in properties arc sufficiently striking to make 
it evident that the name pepsin cannot appropriately be applied 
to this enzyme.® 

As a provisional extension of the conception of the aiitolytic 
mechanism which we put forward in 191G (18), and in view of the 
more recently developed data the following hypothesis is presented 
as a brief statement of the autolytic mechanism: (a) In the nor- 
mal living cell, with an average pH of 7.4 the tissue proteins 
are present in the form of base-protein combinations — Na, 
K, and Ca salts of the proteins (20). These protein salts are not 
substrata for the autolytic enzymes of the cell, and remain undi- 
gested so long as the normal H ion level prevails. (&) When acid 
develops it combines with the bases dissociated from the proteins 
and the latter become acid-protein salts (or possibly the free pro- 
teins). (c) These acid-protein salts are available material for 
primary cleavage, catalyzed by an enzyme which we may desig- 
nate as the primary protease of the tissue (the ^^Bcta protease’^ 
of Hedin (21), and the ^^endotryptase^^ of Hahn (22)). This 
cleavage results in smaller polypeptide fragments of the general 
character of proteoses and peptones, (d) The fragments pro- 
duced in this initial primary cleavage, which can only take place 
as acid is developed within the cell, are then rapidly converted 
into amino-acids by the active ereptase present in the tissue. This 
step in the process proceeds in either acid, neutral, or alkaline 
media. 

So long as the base-protein salts remain there is no possibility 
of autolysis, since there is no substratum for the primary protease 
to act upon. The instant acidotic changes occur in the cell, with 
the conversion of base-proteins into acid-proteins, the latter are 
removed through the autolytic machinery. The tissue, proteins 
are thus reservoirs of bases which may be called out for the buffer- 
ing of an acidotic shift in the acid-base balance, just as happens 

^ It should be noted that the /S-protease of the spleen, as described by 
Hedin, is an enzyme acting only in acid media producing amino-acids, and 
far less sensitive to NasCOj than pepsin. /S-protease also acts better in 
dilute acetic acid (0.2 per cent) than in the same concentration of HCl. It 
is probable that Hedin actually had a mixture of two enzymes, but the 
differences in properties were sufficiently striking so that he concluded this 
enzyme could not be pepsin. He also concluded that cu-protease, reacting 
best in alkaline medium, could not properly be classed as trypsin. 
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in the blood. But in the cell this leads to atrophic changes tending 
to reduce its mass and its metabolism to a point where it is again 
maintained in acid-base equilibrium by the blood and lymph 
supply. When this equilibrium is attained the autolytic shrinkage 
of cell or tissue automatically ceases. 

CONCLUSIONS. 

1. Applying a crucial type of test for trypsin to liver or kidney 
fails to disclose evidence of an enzyme with the characteristic 
behavior of pancreatic trypsin. 

2. Similarly crucial tests fail to develop evidence of an enzyme 
which behaves sufl&ciently like gastric pepsin to w^arrant including 
it under that name. 

3. There is evidence of an ereptic type of enzyme, which digests 
the primary cleavage products of proteins to amino-acids, but 
which does not digest the native tissue proteins. This enzjune 
complex is active between the H ion levels of pH 8 to 3-- . It is 
completely inactive at pH 1+. It is present in the tissues studied 
in abundance and is apparently not a limiting factor in the rate 
of autolysis under conditions met with in the body. 

4. There is evidence of an enzyme complex which digests the 
acid-salts of the tissue proteins between pH 7 and 3. It is com- 
pletely inhibited at a H ion level of pH 2.6 while pepsin remains 
active in a H ion concentration of pH. 1±. We have designated 
it here the primary protease of the tissue, since it catalyzes the 
initial cleavage. The action of this enzyme constitutes the limit- 
ing factor in the autolytic machinery, and its activity is in turn 
conditioned by the amount of acid produced. 
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ON A POSSIBLE ASYMMETRY OF ALIPHATIC DIAZO 
COMPOUNDS, n. 

By P. a, LEVENE and L. A. MIKESKA. 

{From the Laboratories of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 7, 1922.) 

It has long been known that the esters of optically active amino- 
acids on treatment with nitrous acid give rise to esters of the 
corresponding hydroxy-acids. Likewise esters or inner esters 
(lactones) of amino sugar acids give rise not to a mixture of the 
esters of two epimeric hydroxy-acids, but to one single substance. 
It has also been known for some time that on mild treatment of 
the esters of amino-acids with nitrous acid, diazo derivatives and 
not hydroxy-acid esters are formed. 

Levene and La Forge^ in 1915 made the observation that the 
esters of benzilidine ethyl chitosaminate on mild treatment with 
nitrous acid gave rise to a diazo derivative. This observation 
was an impetus to a scrutiny into a possible connection between 
the formation of the diazo derivative and the hydroxy-acid. It 
seemed possible to regard the diazo derivative as an intermediary 
phase in the transformation of the esters of amino-acids into the 
esters of hydroxy-acids. If this were proven it would necessitate 
the assumption of the existence of enantiomorphous aliphatic 
diazo esters. 

This part of the problem required experimental verification. 
Work was in progress in this laboratory for several years on sub- 
stances of the two mentioned groups. In 1920 Marvel and 
Noyes® criticized the deductions which Levene made from his 
observations on the behavior of hexosaminic acids. According 
to Marvel and Noyes the formation of one hydroxy-acid (and 
not a pair of epimeric acids) may be readily explained by the 
presence of four asymmetric carbon atoms in the molecule of 

^ Levene, P, A., and La Forge, F. B., J. Biol. Chem., 1915, xxi, 345. 

* Marvel, C. S., and Noyes, W. A., J. Am. Chem. Soc., 1920, xlii, 2259. 
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these substances and on the assumption that the configuration 
of carbon atoms 3, 4, and 5 control the configuration of carbon 
atom 2. That the objections of Marvel and Noyes are not valid 
is readily seen from the following graphic expressions: 


I 

COOE 

I 

H C NHa 

I 

OH C H 

H C OH 

1 

H C OH 

I 

G HaOH 

(Glucose aminie ester) 


II 

COOR 

I /N 

o<!l 

I 

OH C H 

I 

H G OH 

I 

H C OH 


C H2OH 

(Diazo derivative) 


III 

COOE 

i 

NH 2 C H 

I 

OH C H 

I 

H C OH 

I 

H C OH 
C II 2 OII 

(Mannoseaminic ester) 


The configuration of carbon atoms 3, 4, and 5 arc identical 
in the two diazo derivatives and if the configuration of carbon 
atom 2 in the acid derived from (I) is different from that derived 
from (III) then the resulting configurations of carbon atom 2 were 
brought about by other factors than the configuration of carbon 
atoms 3, 4, and 5. Hence any conclusions reached on the basis 
of experiments on one group of substances may be applied also 
to the other group. 

In 1920-21 a brief report^ was published on the diazo ester 
obtained from d-aspartic ester. The evidence contained in it is 
suggestive of the possibility of the existence of optically active 
diazosuccinic ester. The publication of the details was delayed^ 
as it was our intention to postpone it until the preparation of a 
crystalline aliphatic diazo derivative was accomplished. Ex- 
ternal consideration, however, prompts us to publish the details 
of the work on the diazodiethyl succinates at this date. 

The results of the analysis in the previous communication and 
the optical rotation of the diazo esters have already been reported. 
The substanfie was prepared by the method of Curtius and purified 
by distillation at a pressure of not more than 0.1 mm. By further 
fractionation it was not possible to separate the material into 

^Levene, P. A., and Mikeska, L. A., J. BioL Chem.f 1920-21, xlv, 593. 
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fractions differing in their optical activity. The highest optical 
activity observed was — 1.34*^. 

It was not excluded that the substance was a naixture of the 
d and dl forms. There was, in fact, evidence for the assumption 
that the material is easily inactivated. Thus in some experi- 
ments the diazo esters could not be distilled unless previously 
dried by barium oxide. On such treatment the product gener- 
ally darkened and on distillation yielded a diazo ester of much 
lower optical activity than the samples which did not require the 
treatment with barium oxide. 

In order to find more rigorous proof for the existence of an 
optically active diazodiethyl succinate, the material was converted 
into diethyl malate. Since the optical rotation of the unracemized 
diazo derivative is not known and since the specific rotation of 
diethyl malate is much higher than the one observed for the diazo 
derivative, it was reasoned that an increase in optical activity 
after hydrolysis should be interpreted in the sense of the conver- 
sion of diazo derivative into an optically active hydroxy ester. 
The result of the experiment seemed to point in the desired direc- 
tion, since the rotation of the material obtained from hydrolysis 
of the diazo ester was higher than the rotation of the original 
material. However, the increase was not suSiciently great to 
render the evidence conclusive. 

In view of this, the diazo ester was converted into the halogen 
acid esters by the action of hydrobromic or hydrochloric acid. 
If under such conditions active halogen succinic esters were ob- 
tained this finding could be interpreted only in the sense of the 
existence of an optically active diazo ester. Optically active 
esters of the chloro- and bromosuccinic esters were prepared. 
The analysis of the bromo derivative was quite satisfactory; the 
theory requiring Br = 31.60 per cent and the value found being 
Br = 31.12 per cent. The optical rotation of the material was 
[at = + 0.40° (± 0.00). 

The chloroethyl succinate analyzed as follows: 

Calculated. C 46.11, H 6.24, Cl 17.01. 

Found. “ 46.24, “ 7.04, “ 15.35. 

The optical rotation was [a]p = + 0.86° (db 0.00). The low 
value of chlorine can be explained by the presence in the material 
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of either malic or fumaric esters. The material was therefore 
hydrogenated in the presence of colloidal palladium and it ab- 
soi'bed an amount of hydrogen which would be required by the 
presence of 10.23 per cent of fumaric acid. Thus the discrepancy 
between the theoretical and found values of chlorine may be 
explained on the basis of the presence of fumaric acid, in which 
case the chloromalic acid is optically active. 

Thus, all evidence points towards the existence of opticall}^ 
active diazodiethyl succinate. However, further evidence is 
required for the final solution of the problem. Work in this direc- 
tion is in progress. 

EXPERIMENTAL. 

Nitrogen Estimation . — It was found convenient to use Van 
Slyke^s amino apparatus. For this purpose a leveling bulb was 
connected to the lower outlet of the mixing chamber by a rubber 
tube, and filled with mercury. Before beginning the analysis 
the mixing chamber is filled with mercury. By lowering the 
leveling bulb a vacuum is created. 25 per cent sulfuric acid is 
then introduced into the mixing chamber and then the diazo 
derivative dissolved in a mixture of equal parts of isopropyl alco- 
hol and water. On gentle shaking the operation is completed 
in about 2 minutes. The further procedure is the same as in 
Van Slyke^s method for amino nitrogen estimation. 

By this method diazoethyl acetate and diazoethyl Buccinamide 
were analyzed with the following results: 

2 cc. solution of 0.2990 gm. diazoethyl acetate in 10 cc. isopropyl alcohol 
and water 1:1 gave in Van Slyke apparatus 1.11 co. Na, P = 770.8 inm., 
i =» 23“C. 

CdleOaNa. Calculated. N 20.74. 

Found. “ 21,10. 

2 CO. solution of 0.7200 gm. diazoethyl succinamide in 10 cc. water gave 
in Van Slyke apparatus 2.09 cc. Na, F = 762.2 mm., t - 24®C. 

CqHsOsNs. Calculated. N 16.43. 

Found. 16.24. 

To test further this method of analysis, on several occasions 
the analysis was controlled by an estimation by the Dumas method. 
For the latter purpose the substance was weighed in a very fine 
capillary and the further analysis was completed in the usual 
way. The results of the comparative analyses were as follows* 
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2 cc. solution of 0.6760 gm. diazodiethyl succinate in 10 cc. 1:1 isopropyl 
alcohol gave in Van Slyke apparatus 1,60 cc. N^, P == 764 mm., t = 24°C. 

0.097S gm. substance gave, Dumas, 12 cc. N2, P = 764 mm., t = 26°C. 

C8H12O4N2. Calculated. N 14.00. 

Found (Van Slyke). 13.93. 

(Dumas). 14.07. 

Preparation of Diazodiethyl Succinate . — Much difficulty was 
experienced in the purification of this ester, as the least trace of 
water or some other impurity seemed to interfere with distilla- 
tion. Methods of treatment had to be changed at times to make 
distillation possible. Some of these will be described below. 

60 gm. of diethyl aspartate hydrochloride = +8.15°) 
were dissolved in 90 cc. of water and cooled to 0°. To this was 
added a solution of 45 gm. of sodium nitrite in 90 cc. of water 
and also about 200 cc. of ether. The mixture was thoroughly 
cooled in a freezing mixture (salt and ice), whereupon cold 25 
per cent sulfuric acid w^as gradually added. The ether layer - 
was drained off, more ether was added, which was followed by 
the addition of more acid. This procedure was repeated until 
the ether extract was practically colorless. The ether extract 
was then washed with a cold saturated solution of sodium car- 
bonate until the aqueous layer, which in the first washing turned 
red, remained practically colorless. The ether solution was then 
washed with distilled water and dried by allowing it to stand over 
anhydrous sodium sulfate for several hours. 

The ether was subsequently removed by distilling under re- 
duced pressure. An attempt to distill the residue was unsuc- 
cessful since the high vacuum could not be maintained. The 
ester was therefore redissolved in ether and "treated with anhy- 
drous sodium sulfate. After about 2 hours the ether was removed 
and the residue distilled. Two fractions were obtained, boiling 
at 75-80°C., at a pressure of about 0.12 mm. 

2 cc. solution of 0.0984 gm. Fraction I in 10 cc. isopropyl alcohol and 
water 1:1 gave 2.35 cc. Nsj. P = 766.4 mm., t = 21°C. 

2 cc. solution of 0.0714 gm. Fraction II in 10 cc. isopropyl alcohol and 


water 1:1 gave 1.78 cc. N2, P ~ 766.4 mm., t 

= 21°C. 



Ni 

Impurity. 


per cent 

per cent 

C8H12O4N2 . Calculated. 

14.00 


Found, Fraction I. 

13.64 

2.5 


14.20 

0.0 
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Fraction I. [o:]^ — 


+ 0.33° X 100 
1 X 32.9 


+ 1 . 00 ° 


Fraction II. [a]^ — 


+ 0.47^X 100 
1 X 35.1 


+ 1.34° 


In subsequent preparations of the pure diazo derivative it was 
found impossible to distill the material without further treat- 
ment. In some cases it was found necessary to treat it with 
anhydrous potassium carbonate. In other instances this did 
not suffice but a further treatment with calcium hydroxide was 
necessary. Barium oxide was also used with success. In the 
experiments in which calcium hydroxide was used the optical 
activity of the pure diazodiethyl succinate was found to be 


+ 0.22° X lOO 
0.5 X 100 


+ 0.44° 


Found. N 14.26 and 14.20 per cent. 


In another experiment in which calcium hydroxide was used the 
optical activity was found to be 


+ 0.25° X 100 
0.5 X 100 


+ 0.50° 


Found. N 14.04 per cent. 


Conversion of Diazodiethyl Succinate into Hydroxy Succmate . — 
About 5 gm. of pure diazodiethyl aspartate were dissolved in 50 
cc. of ether and cooled by means of a freezing mixture. 25 per 
cent sulfuric acid was then gradually added, with shakihg, until 
the yellow color disappeared. The ether layer was separated, and 
the mother liquor extracted with ether several times. The (dlicvr 
extracts were combined, dried with sodium sulfate, and the ether 
was removed under diminished pressure. The residue weighed 
3,01 gm. This was diluted to 10 cc. with ether and optical activity 
determined, 




The reading of the original diazo derivative without solvent was 



+ 0.22“ X 100 


0.5 X 100 


+ 0.44' 
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Diazo nitrogen in the original diazo derivative, as already men- 
tioned, was N = 14.26 and 14.20 per cent. 

In another experiment a larger quantity of diazo ester was 
prepared and hydrolyzed, without previous distillation. The 
original material had an optical rotation [af^ = +3.84°. The 
ethyl malate was prepared in the usual way and the product 
fractionated as follows: 


5.82 gm. Fraction I, boiling at 114-117 °G., made up to 10 cc. with 
ether gave 


5.36 gm. Fraction 11, boiling at 127-136 °G., made up to 10 cc. with 
ether gave 

+ 1.60° X 100 
1X53.6 


4.07 gm. Fraction III, boiling at 136-160°G., made up to 10 cc. with 
ether gave 

r,v.^t2-88°.X10g^ 

‘••1“ 1X40.7 ^ 


This material contained in addition to the diethyl malate, 
partly hydrolyzed material and some fumaric ester, which had 
been isolated on many occasions. The partial saponification 
was made evident on another material which happened to have 
a lower optical rotation. The fractions obtained on first dis- 
tillation showed values for carbon which were too low for the 
esters, which could be explained on the basis of partial saponifi- 
cation. After several fractionations a product was obtained 
which analyzed correctly for diethyl malate, as follows: 

0.1006 gm. substance: 0.1854 gm. GO 2 and 0.0670 gm. H^O. 

C 8 H 4 O 6 . Calculated. C 50.52, H 7.37. 

Found. 50.26, “ 7.45. 

Conversion of Diazodiethyl Succinate into Monobromodiethyl Sue-- 
cinate , — 180 gm. of diethyl aspartate hydrochloride were diazo- 
tized as in the preparation of the diazo derivative. The diazo 
ester was washed with a solution of sodium carbonate and dried 
over sodium sulfate. Without further purification the ethereal 
solution of the diazo ester was cooled and then slowly added to 
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a cold saturated solution of hydrobromic acid gas in ether* After 
the evolution of gas had ceased the reaction mixture was of a 
dark brown color which again turned to straw yellow on washing 
with an aqueous sodium carbonate. The ethereal solution was 
then washed with distilled water, dried over sodium sulfate, and 
the ether removed under diminished pressure. The residue was 
then subjected to fractional distillation: 


Fraction No, 

Boiling 

point. 

Pressure. 


Br content. 

I 

75-80 

mm, 

0.134 

+0.22“X100^ 

0.5 X 100 

yar cant 

Not deter- 
mined. 

II 

76-79 

0.067 

+0.25“ X 100^ 

0.5 X 100 

28.40 

III 

77-79 

0.040 

+0.24“ X 100 _ 

0.5 X 100 

30.10 

IV 

75-77 

0.067 

+0.20“ X 100 ^ 

0.5 X 100 

30.56 

V 

74-76 

0.094 

+0.16“ X 100 _ 

0.5 X 100 ^ ‘ 

30.51 


Fractions IV and V were combined and redistilled: 


Fraction No. 

Boiling 

point. 

Pressure. 

h: 

Br content. 


"C 

m?n. 


per cent 

I 

66-70 

0.037 

+0.20“ X 100 ^ ^ 

0.5 X 100 

30.36 

II 

68-70 

0.023 

+0.20“ X 100 _ 

0.5 X 100 

30.99 

III 

69-70 

0.023 

+0.20“ X 100 _ 

0.5 X 100 

30.74 

IV 

69-70 

0.023 i 

+0.20° X 100 ^ 

0.5 X 100 ^ 

30.51 
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Fractions II and III were combined and redistilled: 


Fraction No. 

Boiling 
' point. 

Pressure. 


Br content. 

i 



vim. 


per cent 

I 

80-81 

0.040 

+0.20- X 100 _ 

0.5 X 100 

30.82 

II 

81-82 

0.046 

+0.20“ X 100 _ 

0.5 X 100 

31.12 

III 

81-82 

0.047 

+0.20“ X 100 _ 

0.5 X 100 

30.68 


0.2058 gm. substance: 0.1500 gm. AgBr. 

C 8 Hi 304 Br. Calculated. Br 31.60. 

Found. 31.12. 


Conversion of Diazodiethyl Succinate into Monochlorodiethyl Sue- 
cmate , — Diazoethyl succinate was dissolved in 5 volumes of dry 
ether and the solution treated with dry HCl gas with cooling. 
After the evolution of nitrogen had ceased the ether was distilled 
off under reduced pressure and the optical activity of the residue 
determined. It was found to be: 




4- 0.36^X100 
0.5 X 100 


4 - 0 , 72 ’=^ 


The original diazo derivative showed: 


r -[30 4-Q>25^xi00 

~ 0.5 X 100 


+ 0.50“ 


The chlorester was fractionated as follows: 


I'raction No. 

Boiling point. 

Pressure. 

h: 

I 

“a 

61-68 

mm. 

0.050 

+0.18 X 100 ^ _|.Q 3go 

0.5 X 100 

II 

67-68 

% 

0.048 

±2^2512000 ^ 

0.5 X 100 

III 

68-70 

0.057 

+0.43“ X 100 ^ 

0.5 X 100 
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Fraction III was analyzed: 

0.1004 grn. substance: 0.0580 gm. H 2 O and 0.1900 gm. CO 2 . 

CsHiaO^Cl. Calculated. C 46.11, H 6.24, Cl 17.01. 

Found. “ 46.18, 6.47, 15.35. 

0.5602 gm. Fraction III was dissolved in ether and reduced with hydro- 
gen in the presence of colloidal palladium. The reduction was continued 
until no more hydrogen was being absorbed. 8.00 cc. hydrogen were 
absorbed, t ~ 22®C., P == 752 mm. 

The amount of hydrogen absorbed corresponded to 10.23 per cent of 
fumaric ester. 



STUDIES OF ACIDOSIS, 


XVIII. DETERMINATION OF THE BICARBONATE CONCENTRA- 
TION OF THE BLOOD AND PLASMA. 

By DONALD D. VAN SLYKE. 

{From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 15, 1922.) 

In order to determine the acid-base balance of the blood as 
outlined previously (Van Slyke, 1921) it is desirable to ascertain 
the bicarbonate concentration existing in the blood in the body. 
As pointed out in the above mentioned paper/ determinations of 
the CO 2 content of the whole blood (Peters and Barr, 1920-21) 
or plasma (Van Slyke and Cullen, 1917), after equilibration at an 
arbitrarily chosen CO 2 tension, or determinations of the plasma 
bicarbonate by titration to a constant pH as end-point (Van Slyke, 
Stillman, and Cullen, 1919), although adequate to indicate alkali 
deficit or excess, are not sufficient to indicate conditions in which 
the respiratory control of the CO 2 tension also is disturbed, and 
in consequence the blood pH is varied from the normal. 

To determine the bicarbonate of the blood under the conditions 
existing in vivo we may proceed in either of two ways. We may 
determine the total CO2 (BHCO3 + H2CO3) of either blood or 
plasma, together with the pH, and estimate the BHCO3 by the 

H CO 

equation, BHCO3 = K' - - ; or we may titrate the plasma as 

described by Van Slyke, Stillman, and Cullen (1919), with the 
modification that the end-point of the titration is the pH of the 
individual plasma as drawn, rather than the constant pH 7.4 
used by the above authors. 

Gasometric Determination of Plasma of Whole Blood Bicarbonate^ 

The total CO 2 is determined in either plasma or whole 
blood (Van Slyke and Stadie, 1921). The plasma pH is deter- 

1 Van Slyke (1921), pp. 171 and 172. 
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mined either electrometrically or by the colorimetric method 
of Cullen (1922). The bicarbonate is then calculated by the 
factor given in Table L The factors in Table I are calculated 


from the mass action equation, [H-^] ='K 


H2CO3 , p , 

, transformed as 

BHCO3 


follows. Expressing the total CO2 concentration as [CO2], the free 
dissolved CO2 as [H2CO3], the bicarbonate as [BHCO3], we have 
Equation 1, which is L. J, Henderson^s expression of the mass law 
as applied to BHCO3+H2CO3 solutions (1909). Equations 2 


TABLE I. 


pH 

Total CO 2 in the form of bicarbonate. 

Whole blood. 

Plasma or serum. 


per cent 

per cent 

7.0 

87.6 

88.5 

7.1 

89.9 

90.9 

7.2 

91.8 

92.7 

7.3 

93.4 

94.1 

7.4 

94.8 

95.3 

7.5 

95.8 

96.2 

7.6 ! 

96.6 

97.0 

7.7 

97.3 

97.6 

7.8 

97.8 

98.1 


and 3 are the intermediate steps leading to Equation 4, pK' is 
the negative logarithm of K', as pH is of H+. 


(1) 

[BHCO,] = K' 

(2) 


(3) 

[BHG 03 ] = — ^ico,] 

1 + — 

(4) 

[BHCOal-^^^^V-pH[CO.] 


1 

1 +. 


in Equation 4 is the fraction of the total CO 2 in 


the form of bicarbonate. 
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The value of pK' was originally determined by Hasselbalch 
(1917) to be 6.03 for 0.05 m NaHCOs, 6.06 for 0.03 M, and 6.08 
for 0.02 M.^ In whole blood Hasselbalch found that the same 
values held. Haggard and Henderson (1919) from a compilation 
of the data in the literature estimated the average value of K' for 
whole blood to be 8 X lO”® whence pK' = 6.10. In work shortly 
to be reported from this laboratory the value of pK' has been found 
to be 6.15 for normal whole blood, 6.10 for plasma. From these 


values of pK' the values of 


100 

1 + 10 ’ 


the percentage of total 


CO 2 in the form of bicarbonate, given in Table I are calculated. 


Titration of Plasma Bicarbonate. 

This determination may be conveniently combined with the 
colorimetric method of Cullen (1922), since the diluted 1 cc. 
sample of plasma used in Cullen^s pH determination serves to 
indicate the end-point in the bicarbonate titration. The oxalated 
blood is drawn and centrifuged under rigorous precautions to 
avoid loss of CO 2 which are detailed by Cullen (1922) in the 
accompanying description of his colorimetric pH determination. 
1 cc. of the plasma, to serve as a standard for the end-point, is 
treated exactly as described by Cullen to prepare it for colori- 
metric pH determination, by diluting it under oil, in a tube of 20 
mm. diameter, with 20 cc. of neutral 0.9 per cent NaCl solution, 
containing 7 drops of 0.03 per cent phenol red. 

Another 1 cc. sample of the plasma is transferred to a round flask 
of about 100 cc. capacity, 5 cc. of 0.01 n HCl, which is made up in 
neutral 0.9 per cent NaCl, are added, and the CO 2 is removed by 
whirling the mixture about the flask for at least 1 minute, as de- 
scribed by Van Slyke, Stillman, and Cullen (1919). The solution 
is poured into a test-tube of the same diameter as that containing 
the standard, the portion adherent to the walls of the flask being 
transferred by rinsing with 10 cc. of 0.9 per cent NaCl divided 
into three portions. 7 drops of the 0.03 per cent phenol red 

^The figures actually given by Hasselbalch for pK' are 0.3 higher, 
because he used the equivalent concentration of H 2 CO 8 , which is twice the 
molecular, in calculating the BHCO3: H 2 CO 3 ratio. When the molec- 
ular ratio employed by most other authors is used, Hasselbalch^s data 
give the figures quoted. 
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solution are added, and 0.01 n NaOH is run in from a burette, 
which permits readings to 0.01 cc., until the color matches that 
of the standard. As the end-point is approached, sufficient 0.9 
per cent NaCl is added to bring the volume to 20 cc. 

The 0.01 N NaOH like the 0.01 N NaCl, is made up by diluting 
1 volume of 0.1 n pure solution to 10 volumes with neutral 002 - 
free 1 per cent NaCl. 

The use of saline solution instead of water has the advantage of 
preventing the formation of a permanent cloudy precipitate of 
globulin. 

TABLE II. 



Titration method. 

Gasometric method. 

1 

Plasma No. 

0.01 nHCI 
used in 
titrations. 

BHCOa 

concentra- 

tion. 

Total CO2. 

pH by 
Cullen’s 
method. 

Propor- 
tion of 
total CO2 
as BHCOs 

BHCO3 






Table I). 




cc. 

milli- 

molecular 

vol. per cent 


per cent 

vol. per 
cent CO2 

milli- 

molccular 

1 

2.14 







i 

2.15 

21.5 

51.6 

7.44 

95.7 

49.3 

22.0 

2 

1.61 








1.61 

16.1 

37.6 

7.44 

95.7 

36.0 

16.1 

3 

1.30 








1.26 

12.8 

30.9 

7.38 

95.1 

29.4 

13.1 

4 

1.22 








1.24 

12.3 

30.3 

7.22 

92.8 

28.1 

12.5 


The precautions outlined by Van Slyke, Stillman, and Cullen 
(1919) and by Stillman (1919), in particular those concerning the 
avoidance of CO 2 in the standard NaOH solution, are to be 
observed. 

The nature of the results obtained is indicated by Table IL 
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STUDIES OF ACIDOSIS. 


XIX. THE COIOEIMETRIC DETERMINATION OF THE HYDROGEN 
ION CONCENTRATION OF BLOOD PLASMA.* 

By GLENN E. CULLEN. 

(Fi'oyn the Hospital of The Rochefeller Institute for Medical Research.) 

(Received for publication, April 15, 1922.) 

The electrometric method for determining the blood reaction 
requires relatively large quantities of blood, elaborate apparatus, 
constant attention, and extremely careful manipulation when 
dealing with C02-containing solutions, and is, therefore, of only 
limited availability. The colorimetric methods so far reported 
have not been comparable in accuracy to the electrometric methods. 

Levy, Rowntree, and Marriott (1915), added phenol red to 
the dialysate of the blood and matched the color produced against 
the color standards, thus avoiding the difficulties caused by the 
color of the blood as well as by the protein effect of the plasma 
proteins upon the dye. Although, because of several inherent 
errors, the method is not suited for exact determination of the 
actual reaction of the blood, the method has been of great value 
in affording a measure of the change in reaction. 

The more important errors in this method were: (1) loss of 
carbon dioxide; and (2) the difference in the reaction of two solu- 
tions, one containing protein, when separated by a semipermeable 
membrane. This phenomenon, the Donnan ^^membrane equi- 
librium,^^ has been recently studied by Loeb (1921-22). Minor 
errors involved were the variable dilutions and temperature 
errors. 

Attempts to prevent the loss of CO 2 have been reported by 
Scott (1917) andmore recently by Dale and Evans (1920-21). Dale 
and Evans enclosed their dialysis membrane in a CO^-tight con- 

* .A preliminary report of this work appeared in the Proceedings of the 
American Society of Biological Chemists (J. Biol. Ckem., 1922, 1, p, xvii). 
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tainer. They used neutral red as an indicator, which was added 
to the dialysate after the dialy^sing membrane had been removed 
and before the liquid paraifEn had been added. 

The technique for colorimetric pH determination has been 
greatly refined in recent years, especially by Walpolc^s ( 1914 ) 
introduction of the comparator and by Clarkes (1920) studies, 
and it was felt that it should now be possible to develop an ac- 
curate colorimetric method for the determination of the pH of 
blood plasma. (Parsons (1919-20) has recently shown that when 
whole blood is used for the electrometric determination, the pH 
obtained is that of the plasma, the suspended corpuscles not 
affecting the result.) In an accompanying paper Cullen and 
Hastings (1922) show (contrary to the finding of Evans), that 
when proper precautions arc observed, the colorimetric agrees 
exactly with the electrometric method in C02"Containing solutions 
as well as in phosphate solutions. 

The method which has been developed and which will be de- 
scribed below eliminates the Donnan effect by determining the 
reaction of the diluted plasma itself, and allows for the protein, 
salt, dilution, and temperature effects, by a correction experi- 
mentally determined by comparison of colorimetric results with 
those by the standard electrometric method. 

EXPERIMENTAL. 

Dilution Error , — As is evident from Fig. 1, serum showed a 
continued increase in alkalinity when diluted with 0.9 per cent 
NaCl solution up to a dilution of 15- to 20-fold. Beyond 
20-fold the change upon further dilution is so small as to be 
practically negligible. A dilution of 20-fold with 0.9 per cent 
saline solution was therefore chosen as optimal. A dilution as 
great as this has the further advantage of making it possible to 
work with as little as 0.5 to 0.25 cc, of serum, obtainable from 
1 cc. of blood. 

The use of salt solution instead of water as a plasma diluent 
is necessary because the curve is not only steeper with water 
than with saline solution, but also because with water globulin 
precipitation occurs before the plateau of the curve is reached. 

Addition of neutral potassium oxalate to the blood up to 1 per 
cent does not effect the dilution curve. 
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Temperature Effect . — The effect of change in room temperature 
upon the colorimetric reading is shown in Fig. 2. This curve 



Dilution 


Fig. 1. 


pH 

7.6 



Fig. 2. 


is identical with several obtained in dilute plasma solutions. 
Both the unknown and the phosphate standards containing 
phenol red were at the temperature indicated. 
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The temperature correction is + 0.01 pH per increase of 1°C. 
Hemolysis . — Slight hemolysis does not appear to interfere 
appreciably with the reading, but with any marked hemolysis 

TABLE I. 


Comparison of Colorimetric (20°) a7id Electrornetric (88°) pH Vahws of 
Horse Plasma. 


No. 

Total CO 2 
content. 

COii tension. 

Colorimetric 

20“C. 

Electromet- 
ric 3S°C. 

Colorimetric 
at 20® minus 
electrometric 
at 38® 

Deviation 
from 
average 
diffe ciK'.e. 


millimfds 

mm. Ho 

pH 

pH 

pH 

pH 

1 

28.0 


7.57 

7.42 

0.15 

+0.03 

2 

27.7 

49.5 

7.52 

7.39 

0.13 

+0.01 

3 

28.5 


7.53 

7.41 

0.12 

0.00 

4 

27.2 

44.7 

7.53 

7.38 

0.15 

+0.03 

5 

20.7 


7.55 

7.43 

0.12 

0.00 

6 

27.1 

44.5 

7.54 

7.42 

0.12 

1 0.00 

7 

27.9 


7.50 

7.42 

0.08 

-0.04 

8 

28.0 

20.0 

7.73 

7.63 

0.10 

-0.02 

9 

25.9 

38.7 

7.57 

7.45 

0.12 

0.00 

10 

29.3 

57.9 

7.45 

7.33 

0.12 

0.00 

11 

18.1 

19.2 

7.72 

7.57 

0.15 

+0.03 

12 

24.5 

45.6 

7.48 

7.35 

0.13 

+0,01 

13 

20.3 

19.4 

7.09 

7.03 

0.06 

-0.06 

14 

26.7 

45.6 

7.51 

7.40 

0.11 

-0.01 

15 

27.7 

47.3 

7.51 

7.40 

0.11 

-0.01 

Average for plasma 

0.12 

=^0.02 


The values in Tables I and II represent the electrometric reading at 
38°C. on undiluted plasmas and sera of bloods equilibrated at 38“ at 
the indicated CO 2 tensions as compared with the colorimetric readings 
corrected to 20 “C. of 20-fold dilution with saline solution of the same 
plasma or serum. Where no CO 2 tension is given the determination was 
carried out on the plasma of the blood as drawn. The total COg content 
is given to show there is no relationship between the CO 2 content and the 
deviation figure. 

the change in the tone of the dye is so great that accurate readings 
are impossible. Since serum may be used instead of plasma, 
oxalate may be dispensed with when it causes hemolysis. 
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Total Correction . — Since the primary interest in the reaction 
of the blood is in the reaction at body temperature it was decided 
to refer all colorimetric readings made at room temperature to 
the electrometric value at 38°. Simultaneous determinations, 
electrometric at 38° on undiluted plasma and colorimetric at 
room temperature on 20-fold dilute plasma, were carried out 
on a series of bloods which had previously been equilibrated 
with gas mixtures of varying CO 2 tension. The results of twenty- 
three such determinations on horse blood are given in Tables I and 
II. The colorimetric determinations are all corrected to 20°C., 
i.e., pH 2 o« = pHi* + 0.01 (f 20°) where f — room temperature. 

TABLE II. 


Co7nparison of Colorimetric and Electrometric {S8°) pH Values of 
Horse Sermn. 


No. 

Total CO 2 
content. 

CO 2 

tension. 

Colorimetric 

20“, 

Electromet- 
ric 38°. 

Colorimetric 
at 20° minus 
electrometric 
at 38° 

Deviation 

from 

average 

difference. 


millivolts 

mm. Eg 

pH 

pH 

pH 

pH 

1 

29.96 : 


7.60 

7.46 

0.14 

-0.02 

2 

22.1 

17.9 

7.81 

7.65 

0.16 

0.00 

3 

27.51 

38.8 

7.65 

7.47 

0.18 

+0.02 

4 

31.28 

57.9 

7.50 

7.36 

0.14 

-0.02 

5 

29.9 ! 


7.58 i 

7.45 

0.13 

-0-03 

6 

28.4 

45.6 

7.58 

7.41 

0.17 

+0.01 

7 

28.7 

45.6 

7.59 

7.43 

0.16 

0.00 

8 i 

28.8 

45.6 

7.59 

7.43 

0.16 

0.00 

Average for serum 

0.16 

+0.02 


It is apparent that there is a distinct difference between the 
correction for plasma and that for serum. The same difference 
was found in another series of twenty-two sera and fourteen 
plasmas. These determinations were made on the same horse 
and it is felt that the difference between the plasma and serum 
correction must be due to the presence of the fibrin in the plasma, 
since the addition of neutral potassium oxalate to defibrinated 
blood or to the separated plasma or serum in concentration up to 
1 per cent does not affect either the electrometric reading or the 
colorimetric reading on the diluted serum or plasma. Moreover, 
the same difference is noted when the plasma and serum are ob- 
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tained from different portions of the same sample of blood where 
they have the same actual (electrometric) pH. The constancy^ 
however^ of the correction value for the fifteen plasmas at 0.12 pH 
and of the eight sera at 0.16 pH is striking. 

In addition to the difference between the plasma and serum of 
horse blood, it has been found that the same fluid (e.{/., plasma) 
has different correction values in different species. In Table III 
the extent of this variation is indicated. It is possible also that 
in some pathological conditions the difference between the elec- 
trometric and colorimetric pH reading may be altered. This 


TABLE III. 

Average Valim of Correction for Different Systc7ns. 


Number of speci- 
mens in series. 

System. 

Avenige 
! correction. 

Average 

deviation. 

Maximum 

deviation. 

10 

Human 

plasma. 

0.23 

0.02 

0.04 

5’^ 

Human 

plasma. 

0.22 

0.00 

0.01 

7* 

Rabbit 

plasma. 

0.17 

0.01 

0.02 

4 

Dog serum. 

0.35 


0.03 

9t 

Human joint 
fluid. 

0.21 

0.026 

0.05 


*These five human plasma values and seven rabbit plasma values were 
furnished by Dr. A. B. Hastings (personal communication), 
t Boots and Cullen (1922). 


question is being studied further. The data given for the correc- 
tion for colorimetric pH readings in fluids other than human 
plasma are too few in number to establish reliable values for the 
correction in these instances, but serve to indicate its nature. 

However, the seventeen values for human plasma, which were 
obtained from seventeen individuals, indicate that the value 
0.22 is accurate to within the combined error 0.04 pH of the two 
methods. 

Calculation , — The calculation of the reaction of the blood at 
38° is as follows: = pH coiorimotric 20 “ C, where C is the 

appropriate correction for the system under investigation. If it is 



Glenn E. Cullen 


507 


not feasible to make the determination at 20°C. the colorimetric 
reading for horse or human blood may be corrected as indicated 
above. 

Colorimetric pH 20 ° = colorimetric pH + 0.01 (i® — 20°). 

Although this temperature correction appears accurate for the 
range 20-30°, because of the empirical nature of the correction, 
it is desirable to make all determinations at 20°. This is especially 
true in using the method with other than horse or human blood. 
For values reported above, the room temperatures were used 
either at 20° or between 20 and 24°. 

Application of the Method. — The reliability of the colorimetric 
method in its present state of development should be considered 
from two distinct view-points. 

1. Determination of Relative pH Changes. — In studying the 
changes in reaction which may occur during the course of an 
experiment or in following the condition of a patient, for example, 
under alkali therapy, the proposed method can be used with an 
accuracy of at least =*= 0.04 pH and probably with an accuracy of 
=i= 0.02. Whether or not extreme pathological conditions change 
the correction remains to be determined. 

Determination of Absolute pH Values. — The variations in the 
correction factors which are given in Table III (from 0.11 pH for 
horse plasma to 0.35 pH for dog serum) make it necessary to de- 
termine the correction factor for each particular species. How- 
ever, the individual variations from the average corrections in the 
cases of human and horse plasma and horse serum are so small 
as to make it appear probable that the species corrections deter- 
mined are approximately constant, and that the method can be 
used with an accuracy of about pH=t= 0.04. The method has 
already proved of clinical value in detecting gross deviations 
(0.2 to 0.3 pH) from the normal in conditions such as nephritic 
acidosis. 

Details of Determination. 

Blood Sampling. — The blood is drawn without stasis and with- 
out exposure to air into a glass syringe or tube coated with po- 
tassium oxalate to make 0.3 per cent and containing mineral 
oil (Mineral oil, potassium oxalate, and glassware must be 
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tested for neutrality.) Then, without exposure to the air, the 
blood is run into a tube under oil to the complete filling of the 
tube. A one-hole rubber stopper is slipped into the tube, ex- 
pelling through the hole the oil that remains over the blood. The 
hole is closed with a glass plug, the tube is placed in a centrifuge, 
and whirled. The plug is then taken out and as the stopper is 
removed from the tube, oil is allowed to run in through the hole 
in the stopper to cover the surface of the plasma so that it is never 
exposed to air. The plasma is then transferred under oil to 
another tube. Simply covering the blood with oil is not sufficient 
to prevent the loss of CO 2 during centrifuging. Oil suffices to 
prevent loss of CO 2 from solutions which are standing quietly 
for short periods only. 

Determination , — 35 drops of 0.03 per cent phenol red solution 
are added to 100 cc. of 0.9 per cent sodium chloride solution, 
freshly prepared from redistilled water. 1 to 3 drops of 0.02 
N NaOH are added to bring this solution to pH 7.4 or 7.6. 20 
cc. portions are then placed in suitable tubes (see below) and cov- 
ered with mineral oil. Other tubes are prepared with 20 cc. 
saline solution without indicator. 

A 1 cc. portion of the plasma is then allowed to run under the 
oil into the indicator-saline solution and another 1 cc. portion 
into the 20 cc. of saline solution. This latter tube is for use with 
the pH standard in the comparator. A 1 cc. bulb pipette, grad- 
uated to deliver between two marks, is convenient as it is other- 
wise difficult to deliver all the plasma from the tip of a pipette 
which is under a layer of oil. The plasma and saline solution 
are then mixed by introducing a stirring rod through the oil, and 
the pH determination is made by placing the tubes in a compara- 
tor block, and matching to the nearest standard color tube. It 
is possible to read to 0.01 or 0.02 pH. The temperature of the 
solution is determined by inserting a thermometer into the kSoIu- 
tion immediately after the pH reading. The reading should, 
if possible, be made at 20°. This can be conveniently accom- 
plished by placing the diluted plasma tubes together with the 
necessary standard tubes in a large beaker of water at 20°. 
When they have attained 20° they are removed, and placed in 
the comparator. The reading is easily made before significant 
temperature change occurs. The pH observed is corrected to 38® 
by the formula given above. 
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Indicator Solution . — 5 drops of 0.03 per cent phenol red solution 
are added to 15 cc. of the standard solution. The concentration 
of dye required varies somewhat with different lots. It is best 
to prepare a concentrated stock solution, and determine by ex- 
periment the dilution required to give satisfactory depth of color 
over the desired pH range. The indicator solution must be 
neutral. After the addition of 1 drop to 3 cc. of redistilled water, 
the water must not be red. 

Standards. — Sorensen^s phosphate standards are prepared from 
Merckts special reagents in steps of pH 0.05 from about pH 7.2 
to 7.7. The m/15 phosphate solution should be prepared from 
special reagent salts (Merck’s are satisfactory) by dissolving the 
following quantities to a liter with distilled water: 


Na 2 HP 04 * 2 H 20 “Sorensen salt’^ 11.87 

Na 2 HP ()4 anhydrous (Merck) 9.47 

KH 2 PO 4 9.08 


The proportions of acid and alkaline phosphates are given in 
Table IV. These mixtures may be kept for some weeks in Pyrex 
glass in the refrigerator. 


TABLE IV. 


Phosphate Mixtw'es {Phenol Red Range). 


pH 

m/I 5 Na2HP04 

m/15 KH 2 PO 4 


cc. 

cc. 

7.0 

61.1 

38.9 

7.05 

63.9 

36.1 

7,10 

66.6 

33.4 

7.15 

69.2 

30,8 

7.20 

72.0 

28.0 

7,25 

74.4 

25.6 

7.30 

76.8 

23.2 

7.35 

78.9 

21.1 

7.40 

80.8 

19.2 

7.45 

82.5 

17.5 

7.50 

84.1 

15.9 

7.55 

85.7 

14.3 

7.60 

87.0 

13.0 

7.65 

88.2 

11.8 

7.70 

89.4 

10.6 

7.75 

90.5 

9.5 

7.80 

91.5 

8.5 
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The color standards contain phenol red and must be renewed 
or checked against a fresh tube of dye at least once every 
week; as there is a slow fading of color. 

Apparatus , — The comparator required is conveniently made 
from a block 3X6 inches. The holes for the tubes are of 1 inch 
diameter. The slits for the light are best made by boring two 
i inch holes and gouging out the remaining wood with a chisel. 
The tubes must be of clear, non-alkaline glass of uniform diameter. 
Tubes 20 mm. in diameter are convenient. 

Light . — Either daylight or ^^Daylite'^ lamps are satisfactory. 

Test for Neutrality . — The redistilled water is usually about pH 
6.2 to 6.5. The easiest test is that of using both phenol red and 
methyl red. The water should give no (red) color with either 
indicator. 

The syringe, pipettes, and tubes should be rinsed with redistilled 
water and dried. Syringes, tubes, and pipettes, washed and 
sterilized in the usual manner prevalent in bacteriological labora- 
tories, are often dried from alkaline water. 

The saline solution must be adjusted to pH 7.4 as described above. 

The oxalate, when dissolved in water to a 0.5 per cent solution, 
should not be more alkaline than pH 7.2 to 7,4. The oil is tested 
by shaking with water containing phenol red and methyl red. 
The water must remain neutral. 


Methods. 


CO 2 Equilibration . — About 50 cc. of the blood to be equilibrated 
were placed in an 800 cc. tonometer. The tonometer was partially 
evacuated and the calculated amount of CO 2 was then added from 
a burette. The tonometer was then equilibrated in a l)ath at 
The formula used for the calculation where the tonometer 
is not equilibrated to atmosphere after the attainment of the 
temperature (i.e. constant volume) is 

_ P38”002 X ^burette X (V — s) 


where pcOz = tension CO2 in mm. 

T == absolute temperature. 

V = volume of tonometer, 

s » volume of solution. 

B « barometric pressure. 

w vapor pressure. 
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The details of technique and the gas manifold used are described 
in detail elsewhere (Austin, Cullen, Hastings, McLean, Peters, 
and Van Slyke^). After equilibration, without loss of CO2, the 
blood was transferred to a second tonometer and again equili- 
brated to the same CO 2 tension. The solution was then trans- 
ferred to a sampling tube over mercury from which samples were 
removed for colorimetric and electrometric determinations. 

Colorimetric DeterminaMo7i . — The colorimetric readings were 
made in clear glass tubes of uniform bore (20 mm.). Redistilled 
water was used in making the 0.9 per cent saline solution and 
only fresh solutions were used. (The amount of CO 2 taken up 
by the saline solution upon standing may be sufficient to affect 
the reading.) An absolute guarantee of neutrality is conveniently 
attained by adding the 35 drops of dye to 100 cc. of saline solu- 
tion and adjusting with 1 or 2 drops of 0.02 m NaOH to a pH of 
about 7.4 before measuring the 20 cc. portion into the tubes. 

The readings were carried out in a comparator block using either 
daylight or the '^Daylite^^ glass of the Nela Electric Co. Sun- 
light must be avoided. If turbid the plasma tubes should be 
placed alongside each other and next to the light. 

All the measurements reported above were made in duplicate 
tubes. On each duplicate two or three readings were taken by 
each of two observers. It has been found desirable to make two 
or three rapid readings rather than strain the eyes by one pro- 
longed comparison. The two observers always agreed within 
0.01 pH. 

The temperature of the colorimetric reading was obtained by 
placing a thermometer in the solution immediately after the 
reading. 

The proportions of acid and alkaline phosphate given above 
were obtained from a large curve constructed by the use of a 
flexible spline from SOrensen^s corrected figm:es. The color 
standards fade during the course of a week from 0.02 to 0.04 pH 
and it has been found convenient to make a quick comparison 
against the old standards and then to add dye to the fresh por- 
tion of standards with pH value on either side of the trial read- 
ing. This takes only a moment since the phosphate without dye 
keeps for a considerable period. 

^ To be published in a later number of this J ournaL 
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Electrometric McasuremenL — The determinations were carried 
out in a constant teinpei^ature room at 20° or in a thermostat 
maintained at 38°. Clark electrode vessels of 2 cc. capacity and 
saturated calomel electrodes with a saturated KCl bridge were 
used. For plasma determination a mixture of hydrogen and 
CO 2 at the same CO 2 tension at 38° as that used in equilibration 
was run into the electrode chamber w^hich had previously been 
washed with water and filled with hydrogen. The CO 2 tension 
was calculated on the basis of expansion under atmospheric 
pressure since the readings were made with the cocks open so that 
the hydrogen was at atmospheric pressure. The formula used was 

‘PCO2 X V 

CC.CO 2 \ 

— W) 

PCO 2 = tension CO^ desircrl at 38? 

10 ” vapor pressure at 38? 

V = volume of tonometer. 

B = barometric pressure. 

After the initial reading, the plasma in the cell was replaced 
with another portion of plasma under the same bubble of hydro- 
gen + CO 2 in the manner used by Hasselbalch to bring the hydro- 
gen atmosphere to the same CO 2 tension as the solution. If the 
second reading checked with the first to within 1 millivolt, it was 
used as the correct reading. If it did not agree with the first 
refilling, the refilling and determination were repeated. 

Our results agree with those of Hasselbalch in that, even when 
the electrode contained pure hydrogen at the start, only one or 
two refillings of blood arc necessary to attain equilibration. The 
buffer value of plasma, however, is so low that if pure hydrogen 
is used five or six more refillings are necessary. It is possilfio, 
however, to get satisfactory results when the CO 2 tension is not 
known if the CO 2 tension in the hydrogen is approximately that 
of the plasma. For normal blood this may be taken as 40 mm. 
of Hg. Two or three refillings will then give constant readings. 
The measurements reported above, used in establishing the cor- 
rection factors for the colorimetric method, are all made upon 
solutions equilibrated at known tensions. 

Standardization , — ^For reasons which will be discussed more 
fully in a subsequent note by Cullen and Hastings, the electro- 
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metric determinations were standardized against 0.1 n liCl pre- 
pared by tlie method of Hulett and Bonner (1909) from constant 
boiling acid. We have assigned to it the values, derived from 
Noyes and Ellis (1917) for the activity coefficient, namely pH = 
1.085 at 20° and pH = 1.090 at 38°, and have assumed that the 
temperature change of the activity coefficient is a linear function 
of the temperature. We have used the saturated calomel elec- 
trode without correction for diffusion potential (See Fales and 
Mudge, 1920). 

Our procedure was to determine the ^^e^^ 

of the entire system, including calomel cell and platinum electrode 
against 0.1 n HCL One system was maintained at 38°, another 
at 20°. Using the values for ^^e'^ thus obtained — phosphate 
mixtures ''7.4” were standardized against the 0.1 N HCL This 
standard phosphate solution was then used before and after 
each set of plasma determinations to reestablish the "e” of the 
system. If the "e” changed during a determination that deter- 
mination was rejected. By this technique the danger of the 
slow liberation of acid absorbed by the platinum black is mini- 
mized. The phosphate solution was, of course, removed from 
the cell by thorough washing with distilled water. 

■ At 20° the pH of the phosphate solutions standardized in this 
way against 0.1 n HCl (assuming pH 1.085) differ according 
to our experience, by about 0.01 pH from the values assigned to 
the mixtures by Sorensen. It is felt that this difference is a 
satisfactory agreement with Sorensen's values. 

Platinum Electrodes . — Platinum electrodes were plated from 
platinum chloride solution containing 1 to 2 per cent HCL Lead 
acetate was not used. After a satisfactory coating was obtained, 
the electrodes were placed in strong dichromate sulfuric acid 
cleaning solution and heated over the water bath. The electrodes 
were then washed and allowed to stand in distilled water over 
night. This technique was proposed by J. C. Baker and L. L. 
Van Slyke (1918). Electrodes prepared in this manner may or- 
dinarily be used for a long while, but when used with plasma the 
only safe procedure is to use fresh electrodes each day or four to 
six determinations on any one day. Something happens to the 
electrode used in such protein solutions, probably fibrin precipi- 


/ E.M.F. — "e” \ 
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tation, which makes them unreliable for further use in protein 
solutions. Electrodes, which will not give consistent consecutive 
or duplicate results with plasma, will appear perfect when re- 
checked against standard phosphates. Used again with plasma, 
no satisfactory reading can be obtained. 

This undeterminable error which cannot be detected by the 
use of standard solutions can be recognized by the disagreement 
between duplicate measurements or between successive refills. 
For this reason plasma determinations were always duplicated 
simultaneously in two separate electrode vessels. The platinum 
electrodes after use with plasma may be cleaned with cleaning 
mixture, as outlined, without recoating. Our experience has 
been that platinum electrodes coated with platinum black are 
more satisfactory than those coated with palladium. 

Thermostat , — The 38°C. measurements were carried out in a 
gas chain mounted in an incubator equipped with 150 watt nitro- 
gen lamps for heating. The temperature was controlled with a 
De Khotinsky regulator and the air was stirred vigorously by 
means of a small fan. The temperature was read from a thermo- 
meter placed along side the Clark vessel. 10 minutes were re- 
quired before the temperature of the solution agreed with that 
of the bath. This was determined by inserting a thermometer 
into the Clark cell in the manner described elsewhere (Cullen, 
1922). Determinations at 20° were carried out in a constant 
temperature room. 

Corrections , — The readings, made with a Leeds and Northrup 
potentiometer and wall galvanometer, were read to 0.2 millivolts 
and were then corrected for barometric pressure, vapor pressure, 
and CO 2 tension to 1 atmosphere of dry hydrogen at the tempera- 
ture of the determination. No corrections were mtado for liquid 
Junction potentials. 

I am indebted to my assistant Mr. Julius Sendroy for his in- 
terest and cooperation during the development of this method. 

SUMMAEY. 

1. A method for the colorimetric determination of the reac- 
tion of the blood is described. It is based upon the experi- 
mentally determined factor required to convert the colorimetric 
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reading of diluted plasma or senun at room temperature to the 
actual reaction of the plasma undiluted at 38° as determined 
eleetrometrically. This factor is somewhat different for plasma 
and for serum and for bloods of different species, but appears to 
have a constant value for each system. 

2, A convenient and accurate technique for electrometric pH 
measurements at definite CO 2 tensions is outlined. 
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A COMPARISON OF COLORIMETRIC AND ELECTRO- 
METRIC DETERMINATIONS OF HYDROGEN ION CON- 
CENTRATIONS IN SOLUTIONS CONTAINING 
CARBON DIOXIDE. 

By GLENN E. CULLEN and A. BAIRD HASTINGS. 

{From the Hospital of The Rockefeller Institute for Medical Research.) 

(Received for publication, April 15, 1922.) 

In conn(3ction with the development of a colorimetric method for 
measuring the reaction of the blood it became important to deter- 
mine the precision of the colorimetric method as compared with the 
clecti’ometric method when used with solutions containing carbon 
dioxide. 

Experiments were therefore carried out on solutions of sodium 
bicarbonate which had been equilibrated with known tensions of 
carbon dioxide and in a similar manner on solutions of sodium 
bicarbonate plus sodium phosphate. The colorimetric readings 
were made under paraffin oil in the manner described in the pre- 
ceding paper/ except that the solutions were not diluted. Each 
determination reported here is the average of duplicate readings 
l)y either two or three observers. Phenol red was used in prefer- 
ence to neutral md because of the marked tendency of neutral red 
to pr(3cipitfite out of solution. Sdrensen^s phosphate standards^ 
were prepared at intervals of 0.05 pH and the readings were made 
to 0.01 pH. 

The ecpiili brat ions of the carbonate and carbonate-phosphate 
solutions with COs were carried out in 800 cc. tonometers. The 
CO >2 tensions were prepared by running the calculated amounts 
of C ()2 from a burette into partially evacuated tonometers. The 
solutions were equilibrated in two or three successive tonometers 
and were then transferred, without exposure to air, to sampling 
tubes filled with mercury. (The details of the technique will be 

1 Cullen, G. E., J. Biol Chem., 1022, lii, 501. 

® Sorenson, S. P. L., Brgerhn. Physiol, 1912, xii, 393. 
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described in a paper appearing in a later nunrber of this Journal 
by Austin, Cullen, Hastings, McLean, Peters, and Van Slyko.) 
Samples were then removed for determination. In mostexpcri- 

TABUS I. 

Experiment HA, 

Solution used: 0.067 m phosphate (pH 7.4) and 

0.015 M NaaCOs mixed in equal parts. 


CO 2 tension (as saturated) 28.2 mm. 

Initial CO 2 tension in Clark cell 28.7 mm. 

Temperature of saturation 20®C. 

No. of saturations 2 

^^e” of calomel electrode 0.2493 volts. 


C 02 

tension. 

Hydroffen 

electrode. 

E. M. F. 

Tem- 

perature. 

Barom- 

eter. 

B. M. P. 
corrected 

p Hao'’ 

1st 

filling. 

2nd 

filling. 

tu 1 litliKiB* 

phere of 
dry Ha. 

Electro- 

metric. 

Colori- 

metric. 

mm. Ho 


volts 

volts 

«C. 

mni. H{/ 

Volta 

pU 

pH 

28.7 

A 

0.6716 

0.6712 

20 

761 

0.6720 

7.28 

7.28 

28.7 

B 

0.6712 

0.6707 

20 

761 

0.0716 

7.27 

7.27 


TABLE II. 

Experiment 16 A, 

Solution used: 0.067 m phosphate solution (pH 7.35) and 
0.015 M Na 2 C 03 mixed in equal parts. 


CO 2 tension (as saturated) 28.6 mm. 

Initial CO 2 tension in Clark cell 28.7 mm. 

Temperature of saturation 20®C. 

No. of saturations 2 

'^e’^ of calomel electrode 0.2493 volts. 


COa 

tension. 

Hydrogen 

E. M. F. 

Tem- 

perature. 

Barom- 

et(*r. 

E. M. F. 
correctcH'I 

pllao** 

electrode. 

lat 

filling. 

2nd 

filling. 

to 1 atrnoH- 
piicre of 
dry Ha. 

.Electro- 

metric. 

Colori- 

metric!. 

mm. Eg 


volts 

volts 


mm. Eg 

volts 

pH 

pH 

28.7 

A 

0.6710 

0.6707 

20 

761 

0.6718 

7.27 

7.27 

28,7 

B 

0,6709 

0.6710 

20 

761 

0.6718 

7.27 

7.27 


ments equilibrations were carried out in a 20“ water bath. The 
analyses were made in a 20° constant temperature room. The 
electrometric determinations were carried out with the same 
technique and precautions described in the preceding paper.' The 
system was standardized for each experiment with the same 
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TABLE III. 


Experiment 18 A, 


Solution used: 0.10 m Na 2 HP 04 l . , . 

0.03 M Na,CO, 

CO 2 tension (as saturated) a b c 

S0.8 mm, 46.7 mm. 27.7 mm. 

Initial CO 2 tension in Clark cell at 20°. .49.2 mm. 29.4 mm. 17.5 mm. 

Temperature of saturation 38°C. 

No. of saturations 2 

of calomel electrode at 20° 0.2493 volts. 


COj 

tenaion. 

Ha 

elec- 

trode. 

E. M. F. 

Tem- 

pera- 

ture. 

Barom- 

eter. 

E. M. F. 
corrected 
to 1 atmos- 
phere of 
dry Hs. 

pHzo® 

1st 

filling;. 

2nd 

filling. 

Electro- 

metric. 

Colori- 

metric. 

mm. Ho 


volts 

volts 

^0. 

mm. Eg 

volts 

pH 

pH 

49.2 

B 

0.6734 

0.6747 

20 

756 

0.6759 

7.34 

7.35 

29.4 

A 

0.6854 

0.6870 

20 

756 

0,6879 

7.55 

7.56 

29.4 

B 

0.6873 

0.6874 

20 

756 

0.6883 

7.56 

7.56 

17.5 

A 

0.6988 

0.6983 

20 

756 

0.6990 

7.74 

7.74 

17.5 

B 

0.6974 

0.6984 

20 

756 

0.6991 

7.74 

7.74 


* In this experiment the CO 2 tensions used in the hydrogen-carbon 
dioxide mixture for the 20° electrometric determination are calculated to 
give the same H2CO3 concentration in the solution at 20° as existed in the 
solution as equilibrated at 38°. 


TABLE IV. 

Experiment ^4 A. 

Solution used : 0.03 m Na 2 COs converted to 0.06m NaHCOa with CO 2 . 


CO 2 tension (as saturated) 40 mm. 

Initial CO 2 tension in Clark cell 40 mm. 

Temperature of saturation 20°C. 

No. of saturations 3 

of calomel electrode 0,2486 volts. 


C(h 

tension, 

Hydrogen 

<‘lectrode. 

1 E. M. P. 

Tem- 

perature. 

Barom- 

eter. 

E. M. F. 
corrected 

pHao'* 

1st 

filling. 

2nd 

filling. 

to 1 atmos- 
phere of 
dry Ha. 

Electro- 

metric. 

Colori- 

metric. 

mm. Hg 


volts 

volts 


mm. Hg 

volts 

pH 

pH 

40 

A i 

0.6962 , 

0.6960 

20 

753 

0.6971 

7.72 

7.70 

40 ' 

B ' 

0.6951 ' 

0.6967 ! 

20 

753 

0.6968 

7.71 

7.70 
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phosphate solution of pH 7.4 used as the colorimetric standarcL 

/ E. M. F. ^ , 

The o' M pH = 'Tj'Hx) 1 obtained was used in cahai™ 

lating the pH of the COa-containing solution. This procialiiro 
establishes on phosphate solutions, free from COa, an identity 
of pH value for the two methods. The pH values reported are 
based on the second (refilled) reading, corrected for barometric 
pressure, CO 2 tension, and vapor pressure to 1 atmosphere of 
hydrogen. 

The results of four experiments are shown in Tables I to IV. 

It is evident from these results that, when both colorimetric 
and gasometric measurements of hydrogen ion conx^entration are 
carried out by the technique described, there is complete agrexv 
ment between the two methods in both carbonate and |)hosphat(',- 
carbonate solutions. 

It has recently been reported by Evans’^ that a tliscrepa,ncy 
exists between colorimetric and electrometric determinations of 
the hydrogen ion concentration of fluids containing carbon dioxide. 
He concluded that the values determined by the colorimetric 
method were correct and that the electrometric determinations 
were consistently 0.2 pH too acid, and suggested the use of the 
correction + 0.2 pH in electrometric determinations. In view of 
the fact that, with the technique described, we obtain satisfactory 
agreement between the two methods we feel that the electrometric 
method must continue to be regarded as the standard. 

SUMMARY, 

The colorimetric and electrometric methods for determining the 
hydrogen ion concentration of solutions containing cjarbon dioxide 
agree when carried out with rigorous precautions to prevent loss 
of CO 2 . 

^ Evans, C. L., Physiol., 1921, liv, 363. 



A MODIFICATION OF THE CLARK HYDROGEN 
ELECTRODE VESSEL TO PERMIT ACCURATE 
TEMPERATURE CONTROL. 

By GLENN E. CULLEN. 

(From the Hospital of I'he Rockefeller Institute for Medical Research.) 
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The hydrop;en electrode vessel described by Clark^ is generally 
accepted as the most convenient type for use with protein solu- 
tions and with luologieal fluids. It is especially suited for use with 
solutions containing CJOo, and in the 2 cc. form used in this labora- 
tory has proved itself entirely satisfactoiy^ for use with blood 
plasma. Clarlc recommends that the cell be set up in a constant 
temperature air bath. 

We have observed that in running determinations at 38°, 10 to 
15 minutes elapse before solutions introduced at room temperature 
reach the temperature of the bath. When, as rather easily hap- 
pens, the outside of the cell is wet, it cannot, of course, attain 
air temperature until the film of water has evaporated, and the 
time required becomes longer. Cooling by evaporation would 
disturb temperature equilibrium even if all materials were at 
thermostat temperature at the start. There is then a definite 
I)ossil)ility of error from trusting to Judgment in estimating the 
titne rexluired to attain temperature equilibrium. 

I^'urther, wq . have observed that it has become a rather general 
praidJce in many laboratories to use the Clark cell in the open 
room and to read the temperature frona a thermometer suspended 
either in the KCl reservoir or in the air beside the cell. That 
this r( 3 ading often does not represent the actual temperature of the 
cell contents is evident from Tables I and II, which represent 
the temperature reading made during average experiments in 
a room where tcmpe.rature control was not possible. Errors of 

1 Clark, W. M., J. Biol Chent., 1915, xxiii, 475; The determination of 

hydrogoTi ions, Baltimore, 1920, 128. 

521 



TABLE L ♦ 


Temperature Record of pH Measure7nents at Room Temperature, 


Determination. 

Time. 

Hoorn. 
Thcrniom'- 
cter 1. 

KCl cup. 
Tiw^rmom- 
et<?r 2. 

Cell A. 
TlH'rniom- 
etorA. 

Cell B. 
Thfu-nioin- 
eter JL 

1 

a.m. 

9.57 

22.9 

22.5 

23.0 

23.2 

2 

10.07 

23.0 

22.7 

23.0 

23,0 

3 

10.15 

22.8 

22.8 

22.9 

23.0 


Opened window. 


4 

10.24 

21.5 

22.7 

22.0 

22.2 

5 

10.28 

21.0 

22.3 

21.8 

21.8 

6 

10.36 

20.5 

21.8 

21.1 

21.1 

7 

10.50 

p.m, 

12,40 

20.0 

21.0 

20.5 

20.6 


Solution at 20^ added. 


8 

12.45 * 

22.2 ■ 


20.4 

20.5 

9 

12.55 

22.0 


21.0 

21.0 


TABLE n. * 

Temperature Record of pH Measurements m Thermostat Set for S7°C, 


Detormination, j 

Time. 

Thermom- 
eter 3. 

Thermom- 
eter 4. 

Cell C. 
Thermom- 
eter C. 

Coll D. 
Thermom- 
eter D. 


p, ■m.’ 





10 

2.46 

37.2 

37.5 

36.0 

35.0 

11 

2.52 1 

37.2 

37.5 

1 

37.0 

37.1 

opened door 1 minute to make contact. 

12 

3.54 

30.2 

37,6 

37.0 

37.0 

13 

3.60 

37.2 

37.5 

37.0 

37.0 


4.00 

Put in solution at 22*^0. 



14 

4.08 

37.0 

37.5 

' 36.0 

36.0 

15 

4.13 

37.2 

37.5 

37.0 

37,0 


Headings were made with Thermometers 1 and 3 hanging between 
the two electrode vessels about inches from each and at the same 
level. Thermometer 2 was inserted in the KOI cup along side of the 
connection of the calomel cell and Thermometer 4 in the thermostat 
was at the back over the lamps* Thermometers A, B, C, and D were in- 
serted in the electrode vessels in the manner described in the text. 
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0,01 to 0.03 pH would result from the use of the temperature 
as read from the thermometer suspended between the cells. 

The writer has found that errors from these sources may 
be advantageously obviated by inserting a thermometer into the 
solution. For this purpose an extra opening in the Clark cell 
is prepared and a short calibrated thermometer introduced as 



shown in Fig. 1. The thermometer is carried in pure rubber 
tubing but could, of course, be ground in. 

The construction is evident from the figure, but with the 2 cc. 
cells which we use care must be taken to make the thermometer 
bulb so small that it does not obstruct the flow of solution during 
the rocking of the electrode. The bulb from the shoulder to 
the tip must be shorter than the inside diameter of the tube, else 
it is difficult to insert the thermometer without dead space. 


THE JOtTBISTAL OF BIOLOGICAt, CHKMJSTRY, VOL. LII* NO. 2 
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Modified Clark Electrode Vessel 


For the small cells we use, we specify that the opening to receive 
the thermometer be exactly round, 8.5 mm. diameter at the top, 
and 7.5 mm. at the bottom. The opening is about 5 mm. high. 
The thermometer must be 5 mm., in diameter and about 48 mm. 
long over all with mercury bulb 8 mm. long tapering straight from 
the shoulder to 1 to 2 mm. at the tip. There must be no constric- 
tion or bulge at the shoulder.^ 

It is felt that this modification of the Clark cell facilitates its 
use even in a carefully controlled thermostat and markedly in- 
creases accuracy when it is used in the ordinary room. 

2 The cells and thermometer were made for ns by Wrri. Weigand, 141 Lex- 
ington A ve., New York. 
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The Nature and Mode of Action of Buffers. 

In his chapter on buffer action Clark (1*920) has traced the 
development of the knowledge of buffers/ which we owe mainly 

* The present paper constitutes the theoretical basis for experimental 
work, the results of which will follcrw, 

1 Clark (1920), p. 30. 
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to the work of L. J. Henderson (1908), and of Sorensen (1912), 
and has summarized the resultant conception in the statement: 
'‘By buffer action we mean the ability of a sohition to resist 
change in pH through the addition or loss of alkali or acicL'^ 
Reduced to the form of a definition this conception may bo ex- 
pressed as follows: Buffers are substances lohich by their presence 
in solution increase the amount of acid or alkali that must he 
added to cause unit change in pH. As will appear later, change 
in the logarithmic pH unit affords a more convenient measure of 
buffer effect than change in [H+]. 

The most efficient buffers, at reactions wii/hin the usual range 
of biological significance, are mixtures of weak acids or weak l>ases 
and their salts. Their buffer effect is duo to the relatively slight 
extent to which they undergo electrolytic dissociation, as compared 
with the almost completely dissociated strong acids and bases. 

If we add a strong acid, HCl for example, to a mixture of the 
weak buffer acid, Ha, and its alkali salt, Ba, reaction occurs with 
approximate completeness from left to right according to t-he 
equation 

HCl + Ba = Ha + BOl 

(To represent the weak buffer acid the formula Ha is used to 
distinguish it from HA, which will be used to indicate a strong, 
approximately entirely dissociated acid.) In this reacHon tlio 
strong acid combines with an equivalent of buffer salt and sets 
free an equivalent of weak buffer acid, Ha. The latt(u*, instead 
of dissociating like HCl almost entirely into hydrions and miionvS, 
dissociates only slightly, ironca:^ the increase in liydrioii concen- 
tration, and the change in pH, is only a fraction of tlnit wluxh 
would have been caused by adding the same amount of HCl to 
an unbuffered solution.. 

The amount of change that does occur depends on tlu^ extent 
to which the buffer acid set free dissociates acjcording to tlie 
equation Ha - li"^ + a'. If 1 per cent of Ha dissociates into 
H*^ and a', the H+ increase will be approximately 0.01 of that 
which would have been caused by adding the HCl to an unbuffered 
solution. 

Similarly, if we add a strong base, BOH, such as KOH or NaOH, 
to the buffer solution, an equivalent of buffer acid in the Ba, Ha 
mixture is neutralized according to the equation 

BOH + Ha « Ba -f H^O 
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The decrease in concentration due to neutralization of a given 
amount of Ha is again dependent on the extent to which the Ha 
had been dissociated, since only the H"'' ions owing their presence 
to that dissociation have disappeared. 

It is evident from the above that the Ba of the buffer mixture 
reacts when acid is added, and the Ha when alkali is added, and 
therefore that both Ba and Ha are necessary if the buffer mixture 
is to offer resistance to reaction change by addition of either acid 
or alkali. As will be seen later, if ability to minimize the propor- 
tion by which any given H+ concentration is changed is taken 
as a measure of buffer action, a buffer mixture has its maximiira 
efficiency when Ha = Ba, half the buffer being free, half in the 
form of its salt. 

When the buffer mixture is composed of a weak base, bOH, 
and its salt, bA, it can be shown similarly that the amount of 
cliange in IT^' or Oil' concentration caused by addition of acid 
or alkali depends on the extent to which bOH dissociates into 
b+ and OH' ions. 

Since weak acids and bases obey in their dissociation the simple 
law of mass action, and since their buffer action is dependent on 
the extent of their dissociation, it follows that the quantitative 
relationships governing buffer action are capable of formulation 
from tlie mass law. 

By means of such formulation, L. J. Henderson (1908) has 
shown that buffer acids most efficient in maintaining a neutral 
reaction of [ID] - [OH'] = 10“"^ are such as have dissociation 
constants most nearly equal to 10“'^. Clark (1920) has pointed 


out*'^ ^‘that it is only within a certain zone of log that a 

mixture of an acid with its salt produces a stabilized hydrogen 
ion concentration or pH.'^ The writer has recently indicated 
(1921, a) a mode for the mathematical proof that in general, if buf- 
fer efficiency be considered as ability to minimize change in pH, 
that is, proportional change in [H"^], any buffer salt of a weak 
acid is most efficient when [Ha] and [Ba] are, equal, under which 
conditions pH == pKa.® 


n:)lark (1920), p. 19. 

3 pKa is an expression introduced by Hasselbalch (1917) to indicate the 

negative logarithm of Ka; the value of Ka being ~ where Ka is the dis- 

T 
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Unit for Measurement oj Buffer Values, 

Thus far, however, there has appeared in the literatures no 
satiisfactory mode of expressing, over the isone of pll at which, 
buffers act, the quantitative relationships of buffer effect to 
the dissociation constant of the buffer and the reaction: in fact 
there lias been no unit for the numerical expression of buffer effect. 
It is the purpose of the present paper by means of such a unit 
to attain quantitative measurement and expression of buffer 
effects, and to derive from the mass law the above mentioned 
relationships. 

dB 

The unit adopted is the differential ratio , expressing the 

dpH 

relationship between the increment (in gram equivalents per 
liter) of strong base B added to a buffer solution and the resultant 
increment in pH, Increment of strong acid is equivalent to a 
negative increment of base, or -dB. In these terms a solution 
has a buffer value of 1 lohen a liter will take up 1 gram equivalent of 
strong acid or alkali per unit change in pH, 

If base is added to a solution, pH is increased, so that both dB 
and dpH are positive. If acid is added both dB and dpi! are 

negative. The ratio is, therefore, always a positive numeri- 
cal value. If one solution has twice the buffer value of a second 
solution, twice as much base or acid is required to change the 
pH by a given small amount, for example, 0.1, and therefore the 
dB 

value — is twice as great in the first solution as in the second. 
dpH 

For convenience we shall use at times the letter p to indicate the 
dB 

ratio 


dpH 

The significance of the ratio 


dB 

dpH 


as a measure of buffer effect 


is illustrated by Fig. 1. In place of dB and dpH, infinitesimal 


sociation constant of the buffer acid [Ha], y the degree of dissociation of 
its salt [Ba] into [B**’] and [a'] ions. Hasselbalch actually used the form Ku 
We have altered it to K' in order to facilitate differentiating between Ka 
and Kb, derived from the acid and basic dissociation constants custom- 
arily designated as Ka a.nd Kb respectively. 
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increments, we there use measurable increments AB and ApH, 
which, if not too great, serve our purpose nearly as well. In 
order to increase the pH of Solution 1 from 3 to 4, 0.1 gram mole- 



Fia. 1. 


cule of NaOH per liter is required; therefore AB = 0.1. Since 
ApH = 1 (the increase in pH caused by the change from pH 3 
to 4), the approximate buffer value of Solution 1 at the mean 

reaction of pH 3.5 is ^ = — = = = 0.1. 

ApH 1.0 
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In order to increase the pH of Solution 2 from pH 3 to pH 4, 
0.2 gram molecule of NaOH per liter is required; therefore, for 

0.2 

ApH = 1, AB = 0.2; and, at mean pH 3.5, /5 == — = 0.2. 

Let us now follow the curve of Solution 2 further along until 

it covers the range of pH 5 to 6. Because the curve has become 

less steep, we find that the AB accompanying the pH increase from 

5 to 6 is only 0.05. Consequently, Solution 2, which at pH 3.5 

AB AB 

had a buffer value of — -r = 0.2, has at pH 5.5 only one of — = 
ApH Apr! 

= 0.05. 


In place of measuring the AB and ApH values for equal distances 
on both sides of the pH at which we wish to determine the value 


of we may draw a tangent to the curve at the indicated pH 
cIpH 

and measure the slope of the tangent. Thus, in the case of Solu- 
tion 2, we may draw a tangent to the curve at pH 6.5. Since the 
tangent, being a straight line, has the same slope at all points, 
we may prolong it as much as we wish in order to determine its 
slope conveniently. For example, we make the measurements 
between pH 5 and 6.5, At these points the tangent cuts the 
B lines at 0.303 and 0.376 respectively, the difference being 0.073. 


The slope of the tangent, or the value of 


dB 

dpH 


at pH 5.5; is there- 


„ \J*\J i O M.lJf 

fore — — =: 0.0486, which approximates the value — r: = 0.05 
1.500 ApH 

obtained above. The tangent, if accurately drawn, gives the 

exact — z value at its point of contact with the curve, and thcrc- 
dpH 

fore has some theoretical advantage over the use of the measur- 
able increments AB and ApH, which indicate the approximate 
buffer value at the mean pH over the portion of curve measured. 

The curve of Solution 2 illustrates the fact that a given solu- 
tion may have a different buffer value at different reactions, and 
that one may speak in exact terms only of its buffer value at a 
definite pH, or of its average buffer value over a certain pH range. 
The manner in which the buffer value of a solution containing 
a single buffer acid and its salt changes with varying pH is shown 
by Figs. 4 and 9. 



Donald D, Van Slyke 


531 


Since a solution may have a different buffer value at every pH, 
rigid accuracy would require that it be measured by the ratio 
dB 

dpH' of the infinitesimal increments dB and dpH. Actually, 

as may be seen from Fig. 4, increments AB and ApH of sufficient 
size to be measured may be usually employed with fair accuracy. 


The Buffer Value of Water Plus Only Strong Acid or Alkali. 


When strong acid or alkali is added to water the solution dis- 
plays a certain buffer value. If it did not, each addition of acid 
or alkali would cause infinite change in pH. 

Let us assume that a strong base completely dissociating into 
the ions [B“^‘] and [OH'] is added ”to water. Then the increment 
dB, in base, is equal to the increment d[OH'], in [OH'j. Conse- 

41 . dB . d[OH'] ^ 

quently for - we may write . pH = - log [H*^] = 

dpH dpH 


log 


[OH'] 


= log [OH'] - log kw, when kw is the water constant 


[OH'] X [H+]. Hence dpH - d log [OH']. Therefore 


( 1 ) 


dB _ d[OHT [OH'l 
dpH d log [OH'] “ 0.4343 


2,3 [OH'j 


Similarly, if we add to water a strong acid, completely disso- 
ciated into [Ii'*i ions and anions, such addition constitutes a nega- 
tive addition of base, The increment in acid is. equal to that in 
[H+], that is, -dB = d[H+]. 


(2) 


dB __ -dtH+] _ [H+] 
dpH - d log [H+] “ 0.4343 


= 2.3 [H+1 


If we add the two effects, expressed by Equations 1 and 2, 
respectively, we express the total buffer value of water plus com- 
pletely dissociated acid or alkali at all pH's, as shown in Equa- 
tion 3 . ■ ' ' 

(3) g=2.3([H+] + [OH']) 

At any given [H+] or [OH'], for each gram equivalent of hydrion 
or hydroxyl ion present, completely dissociating base or acid must 
be added at the rate of 2.3 gram equivalents per liter per unit 
change in pH effected. 
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The relationships expressed in Equation 3 are shown in Figs. 
2 and 3. It is obvious from them that over the reaction range 
usually significant in animal or plant physiology, pH 3 to 11, the 
buffer value of completely dissociated acid or alkali is slight, too 
slight in fact to show graphically on charts of the scale used, but 
that at both ends of this range it becomes significant. 

The actual dissociation of a strong acid, such as HCl, or a strong 
base, such as NaOH, is only approximately complete at finite 
* dilutions. If we express the fraction of BOH dissociated into 

[B+]. and [OH'] by Tb, [OH'] = Tb [BOH] = Tb B, B = , 

Yb 


and dB — 


d[OFr] 

7b 


Similarly dB == 


if 7 a represents 

7a 


the degree of dissociation of the strong acid. Consequently, 
if instead of ideal, completely dissociated strong base and acid, 
our additions to water are of actual, not quite completely disso- 
ciated strong base and acid, 7 Band being a little less than 1, 
instead of Equation 3, we have the slightly different Equation 4. 


(4) 


dpH \y^ 7j3 , 


The fact that this equation is accurate is illustrated by the following 
example. 0,1 nHCI is, according to the conductivity data of Noyes and 
Falk, 92,3 per cent dissociated at 20°. [H*^] = 0.0923 n; pH - 1,035. If 
we increase the HCl to 0.11 n, [H"**] increases to 0.0923 X 1.10 » 0.1015 
(the dissociation does not change significantly), and pH falls to 0.994. 
From these measured changes, A B and A pH, we calculate the approximate 
value at the mean pH between 1.035 and 0.994. 


aB 0.10 -O.n -0.01 

A pH 0".994 - 1.035 - 6.041 


0.243 


The mean pH of the range, pH 1.035 to 0.994, is 1.015. The correspond- 
ing [H'^1 is 0.0906 ([OH3 is negligible). The buffer value of the solution, 
at pH 0.994, calculated by Equation 4, with = 0.923, is 


dB ^,,0.0966 
^ dpH "" 6.923 


0.241 


Negelecting y^, and calculating by Equation 3 we would obtain 
id == 2.3 X 0.0966 0.222 

For HCl solutions more dilute than 0.1 n, ta approaches more nearly 1, 
and the difference between results calculated by Equations 3 and 4, respec- 
tively, becomes still less than in this example. 
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The buffer action of a strong, completely dissociated acid or 
base is different in its mechanism from the buffer action of a 
weak, slightly dissociated acid or base, such as was discussed in 
the first section of this paper, and is about to be considered quan- 
titatively in the next section. The buffer action of the weak acid 
or base involves repression of part of the [H"**] change that would 
be caused by addition of acid or alkali to an unbuffered solution. 
With repression of [H+] change there is also, of course, an accom- 
panying repression of the 'proportion by which [H+] is altered, and 
it is this proportional [H+] change that is a linear function of the 
log [H+] or pH change which we have adopted to measure buffer 
effect. 


The fact that changes in log [H**'], and in pH, are linear measures of the 
proportion by which [H'*'] is changed may be demonstrated as follows. 
If d [H*^] is the increment in [H+], the proportion of itself by which [H*^] 
d [IT^] 

If an increment, —dB, of strong acid is added, 


is increased is 


[H'^J • 


with resultant absolute change in [H*^] of d [H"*'], we have 


- d B 
d [H^l 


as the 


ratio between added acid and the proportion by which [H "^1 is increased. 
But in general, 

dx dx , dx 

logio e ; 


Hence 


y 

dB 


d [H+] 
[H^] 


d log., y 


= — logio e 


' iogio y 


dB 


dpH = — 0.4343 


logio [H+] 
d [H"1 


^ 0.4343 


dB 


dpH 




It is obvious from the right-hand member of the last e(|uati(.)n 
that as factors of dpH we must consider not only d[ir^], but also 

[H+]. 

The presence of a completely dissociated acid or bas(^, would 
repress only the proportion by which a given further addition 
would alter the [H+]. The absolute [H+] change would be practi- 
cally unaffected by strong acid already present before this addi- 

d[H+] 

tion: only the [H+] factor of the —jy ratio would be affected. 
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The greater the amount of [H+] or [OH'] (or completely disso- 
ciated acid or alkali) present, however, the greater the further 
amount required to be added or removed to change the original 
to 10-fold or iV its own value, and thereby cause unit change in 
pH. And this further amount is our measure of buffer value. 
So, if we adopt pH change as our unit of reaction shift, we must 
assign a definite buffer effect to the mere mass of [H+] or [OH'j 
ions present, which, by its inertia, so to speak, represses pH change. 
This effect we may term the buffer effect of the dissociated base or 
acid, or of the [JT+j or [OH'] concentration. 

dB 

In a sense, therefore, the adoption of -t”;- as the unit of buffer 

dpH 

value has broadened the conception of buffer action outlined in 
the introduction. Buffer actions have there been discussed as 
processes repressing [H+] changes by replacement of the added, 
more or less strongly dissociated acids or bases with the weak, 
undissociated acids or bases of the buffers. To this action we 
must add the “inertia” buffer effect peculiar to dissociated acids 
and bases, which repress the proportional, though not the abso- 
lute, [H+] change, and which attain importance when [H+] or 
[OH'j exceeds about 10“^ (when pH is less than 3 or greater than 
11). As will appear later (Equations 17 and 35) the total buffer 
value of a solution is represented by the sum of the buffer effects 
due, respectively, to dissociated and to undissociated acids or 
bases present. The two effects may both be important in a 
buffer forming a very acid solution, such as H3PO4, or forming a 
highly alkaline one, such as Na 3 P 04 . 


The Buffer Value of a Solution of a Weak Monovalent Acid and 

Its Salt. 


Fundamental Mass Law Equations. — The fundamental equation 
derived from the mass action law of Guldberg and Waage as 
applied by Arrhenius to the dissociation of electrolytes, and shown 
by Ostwald (1888) to hold for dilute solutions of weak acids is 


(5) 


TT [H+]X[a1 
[Ha] 


where [Ha] is the undissociated portion of the acid, [H"^] the hy- 
drion concentration, [a'] the concentration of anions formed by 
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dissociation of the acid, and Ka the dissociation constant of the 
acid. 

This equation has been applied in two forms. It was used hy 
Ostwald (1888) for pure solutions of weak acids in the form 


( 6 ) 




_ [ H +]2 
~ [Ha] 


The theoretical accuracy of Equation 6 for such solutions follows 
from the fact that both hydrions and anions must arise in equal 
numbers from the dissociation of [Ha], when the latter is their 
sole significant source. 

For solutions containing not only the free acid, but also its 
salt, [Ba], Equation 5 was converted by L. J. Henderson (1908, 
1909) into the form 


(7) 


[H+] Ts [Ba] 
[Ha] 


[Ha] = concentration of free undissociated acid. 

[Ba] = total concentration of salt, dissociated or undissociated. 
= fraction of [Ba] dissociated into [B+] and [a']. 

7g[Ba] = concentration of a' formed by dissociation of [Ba]. 


The salt is usually 80 per cent or more dissociated (ts == 0.8 
to 1.0) while the free acid is dissociated to a relatively negligible 
extent into [H"^] and [a'j* The slight amount of [a'j, equal to the 
[H+], arising from dissociation of the free acid is, at reactions 
covering a considerable zone on both sides of neutrality, negli- 
gible in comparison to the amount formed from the salt. Conse- 
quently, over a pH range of about 7db3 or 4, Ys [Ba] can be inserted, 
with a negligible error in place of [a'] in Equation 5. (A certain 
inconsistency in symbols occurs through the use of [Ha] to repre- 
sent only the undissociated part of the acid, wliile [Ba] represents 
the total salt, dissociated and undissociated. It has seemed 
preferable, however, to retain [Ba] with this significance, partly 
because it has been used in this manner in the literature since 
Henderson introduced his equation, partly because it has the 
advantage of being a self-explanatory symbol.) 

Hasselbalch (1917) expressed Henderson^s equation in the 
logarithmic form 

(8) pH = pK; + log|||| 

pKa being the negative logarithm of K^, while = — • 

7s 
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Equation 7, and its equivalent, Equation 8, hold for all [H+] 
values that are found in body fluids and excretions (except per- 
haps gastric juice) since the conditions are fulfilled that [H+] 
and [OH'] are both small (in the neighborhood of 10”^ in the 
internal fluids, and not exceeding in urine), and the concen- 
tration of anions formed by dissociation of the buffer salts present 
is sufficient to make 7s [Ba] the only factor that requires consid- 
eration in estimating [a'j . Equations 7 and 8 are therefore accurate 
for the physiological range for which Henderson used them, and 
may in fact be used over a still wider reaction range. The limita- 
tions of this range will be considered later. 

Differentiation of Henderson^s Equation in Order to Calculate the 
Buffer Values of Weak Acids. — In order to obtain the buffer 

value, 7— j in terms of the buffer concentration and reaction, 
dpH 

we convert Equation 7 into the form 


(9) 


[H+1 7s B 
C~B 


C « total molecular concentration of buffer acid before addition 
of base. 

B = gram equivalents of strong base added. 

0 - B = [HA] 


Within the range of validity of Henderson^s equation, all 
the BOH added takes the form of the buffer salt, [Ba], the 
base remaining free as BOH being negligible. Therefore, we 
may substitute B for [Ba] in Equation 7. Furthermore, since 
all save a negligible portion of the buffer acid is in the form 
either of free undissociated acid, [Ha], (the negligible residue is 
dissociated into [H+] and [a']), or salt, [Ba], we may substitute C 
- B for [Ha]. With these two substitutions Equation 7 is 
changed into Equation 9. 

Solving Equation 9 for B we have 

K^c k;c 

K, + 7s [H^*] k; + [H+1 


dB 

dpH 


dB [H-^l .. dB 

diog[H+] 0.4343 ^d[H+] 


- 2.3 [H+] 


dB 

d[H+] 


( 10 ) 
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Differentiating the first form of Equation 10, B 
we have 


KaC 


(JH To C 

dllFI = “(Ka+Tsm) = 
From which we obtain, by multiplying 


dB 

d[H+] 


Ka + Ta [H+] 


by - 2.3 [H+], 


( 11 ) 

( 12 ) 

(13) 

(14) 


dB 2.3KaTsC[H+] 

dpH (K^ + TallD])^ 
2.3 C [H+] 

“ (!<; + [H+i)» 

^ 2.3 [Ba] [ID] 
(K;+[H+1) 

_ 2.3[Ba][Ha] 

C 


Equivalent 
expressions 
for the buffer 
, dB 
value 

or^S, 

tor weak acids. 


K'a + [H+] 

[Ba]) = [H+] [Ba], whence [Ba] 


Equation 12 is derived from Equation 11 by substituting K'^Ts 
for its equivalent Ka, or by differentiation of the second form 
of Equation 10, in which this substitution is already made. Equa- 
tion 13 is derived from Equation 12 by substituting [Ba] for 

K C / / 

(Henderson’s equation may be written K^ (C — 

A Equation 14 
Ka + [H+]/ 

is derived from Equation 13 by substituting [Ha] for 

(If Henderson^s equation is written Kg [Ha] == [H*^-] (C - [Ha]) 
it yields this value for [Ha]). 

We have tested the approximate accuracy of liquation 14 (a/iul 
therefore of its equivalents, Equations 11, 12, and 13) against 
experimental results by applying it to Clark and Liibs’’ data for 
KH 2 PO 4 ~ KHPO 4 mixtures (1916), the pH values being elec- 
trometrically determined by Clark for varying [Ba]:[Ha], or 
K (KHPO 4 ) : H (KHPO4), ratios. Considering the short in- 
tervals used (ApH == 0.2), the agreement between the theoreti- 
dB» 

cally calculated values and those approximated from the 
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experimental AB and ApH figures is as satisfactory as could be 
expected from this mode of calculation. 

The data of Table I are expressed graphically in Fig. 4, the 
curve being calculated from Equation 8 with pK' == 6.85. Clark's 
experimentally determined points are indicated by crosses. 

It is evident from Equation 12 that the buffer effect expressed 
in terms of Ka and [H+] is proportional to the total molecular 
concentration [C] of the buffer. We may therefore divide the 
derivative by [C], in order to determine the molecular buffer 
value of a solution, or the buffer value which an m solution of it 
would have. This unit may be used for comparison of different 
buffers. It becomes 


( 15 ) 


dB 2.3 k; im 
CdpH ([H+l+lO- 


We shall hereafter refer for convenience to the absolute buffer 
value as the molecular buffer value as The relationship 
between the two is 

(16) | = 


The total buffer value of a solution of a weak acid to which both 
strong acid and alkali are added in amounts not limited to equiva- 
lence with the buffer acid, may be expressed as the j8, oft he buffer 
plus the /3 of the free, dissociated acid or alkali. This is expressed 
by combining Equations 3 and 12 in Equation 17. 

/ K' C FH+l \ 

(17) 0^2:i { ' ' P- ■ - + [H+] + [OH'] I 


For acetic acid (plC = 4.6) in 0.2 and 0.1 m concentrations, 
the total buffer value of the solution from pH 1 to 13 is indicated by 
Fig. 5. Where the buffer effects of the acetate and hydrion 
overlap, the separate [3 values are indicated by broken lines, the 
actual total ]3 values of the solution by continuous lines. 


The use of ~ as is obviously permissible only where [H+] 

0 

Ka C lH+] , . , . 

and [OH'] are negligible in comparison with (k;+[h+])2"' ' 

the case, with C = 0.1 m, between pH values of about 3 and 11. 
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TABLE I. 

Values of - — , as Estimated from Values of A B and A pE Taken Directly 
A'pH 

f rom IF. M. ClarEs Curves for 0.05 u KE^POa Plus NaOH, Compared 

with Values of — Calculated by Equation H-. . 
dpE 


Phosphate mixtures from Clark. 
C = 0.05 M 


w 

Pi 

Mean pH. 

W 

i p. 

<1 

'a 

W 

oJ 

ft 

Mean [Ba]. 

£ 

d 

<1 


calculated as 46 |Ha] [Ba]t 

dpH 

from mean [Ha] and {BaJ. 

Molecular buffer 
value . 

«] 

<1 

w 

ft 

<1 

5§ 

C5 


W 

ft 

tj 

3 

d 

5.8 



0.0037 

6.90 1 







! 




5.9 

0.2 



0.0047 

0.0453 

0.0020 

0.0100 

0.0098 

0.200 

0.198 

6.0 



0.0057 

6.89 











6.1 

0.2 



0.0062 

0.0438 

0.0029 

0.0145 

0.0125 

0.290 

0.250 

6.2 


1 

0.0086 

6.88 











6.3 

0.2 



0.0106 

0.0394 

0.0040 

0 . 0200 ' 

0.0192 

1 0.400 

0.384 

6.4 



0.0126 

6.87 











6.5 

0.2 



0.0152 

0.0348 

0.0052 

0.0260 

0.0245 

0.520 

0.490 

6.6 



0.0178 

6.86 











6.7 

0.2 



0.0207 

0.0293 

0.0058 

0.0290 

0.0279 

0.580 

0.558 

6.8 



0.0236 

6.85 











6.9 

0.2 



0.0266 

0.0234 

0.0060 

0.0300 

0.0287 

I 0.600 

0.574 

7.0 



0.0296 

6.84 











7.1 

0.2 



0.0323 

0.0177 

0.0054 

0.0270 

0.0263 

0.540 

0.626 

7.2 



0.0350 

8.83 











7.3 

0.2 



0.0372 

0.0123 

0.0045 

0.0225 

0.0211 

0.460i 

0.422 

7.4 



0.0395 

6.83 











7.5 

0.2 



0.0411 

0.0089 

0.0033 

0.0165 

0.0168 

0,330 

0.336 

7.6 



0.0428 

0.83 











7.7 

0.2 



0.0440 

0.0060 

0.0024 

0.0120 

0.0121 

0.240 

0.242 

7.8 



0.0452 

6.83 











7.9 

0.2 



0.0450 

0.0050 

0.0016 

0.0080 

0,0104 

0.160 

0.208 

8.0 



0.0468 

6.83 











Calculated as pK^ = pH ~ log- -— ' — 7 

2 3 2.3 0.06 - [BaJ 

t “TT * TiTD ~ (Equation 14). 

O U.Oo 
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Second Derivative of Henderson^ s Equation. Point of Maximim 
Buffer Value. — To find the conditions under which a mixture of a 
weak acid and its salt exerts maximum buffer effect, wc repeat 

the differentiation. From Equation 12, = 2.8 


2.3 K 


(18) 


d/^M 
d [H+] 

== - 2.3 fH+1 

dpH ^d[H+] 


(Ki + imv 


d/?M 


= 2.3UvJtF1 


[H+] 


k: 


From Equation 18 it is evident that /Sm, the molecular buffer 
value, has either a maximum or a minimum value when [PE'] = 

Ka, since this is the condition for making equal to zero. The 

dpH 

fact that maximum, not minimum, value of occurs when [H'^j == 
K' is obvious from an inspection of the curve of Fig. 4, The 
occurrence of the maximum at this point was somewhat less 
rigidly shown by the writer in a former paper (1921, a). 

At the maximum point, since [H+] = Ka? we have from 
Equation 15 

(19) 




2.3 [H+p 
(2H+)^ ' 


4 


^ 0.575 


For every buffer this slope indicates a value of [Ila] ~ [Ba], 
since when Ka - [H+], [Ha] must equal [Ba], as is evident when 
Henderson’s equation is put into the form [Ba] [H+] — [Ha] Ka. 

The relationships developed lead to the following conclusions, 
an example of each of which may be obtained from Table I and 
Fig. 4. 

1. All monovalent acid buffers acting within thc^ range of valid- 
ity of Henderson’s equation (with pK^ between about 4 and 19) 
have the same maximum molecular buffer value, viz. = 0.575, 
which they exert when [H+] = K^, or pIP = pK^ (In the case 
of H(KHP 04 ), used in Table I, pK - 6.85.) 

C 

2. At this pH, [Ba] — [Ha] = that is, half the buffer acid 

is free, half in the form of alkali salt. 

3. If the point of maximum slope be determined in a buffer 
curve, with increments of added alkali as ordinates, pH values 
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as abscisssB, one may calculate the molecular concentration of the 
buffer by Equation 20, which is a rearrangement of Equation 19, 



the molecular concentration of the buffer is found by dividing 
the tangent of the maximum slope of the titration curve by 0,575. 

Equation 19 holds even for polybasic acidS) provided the disso- 
ciation constants of the different acid hydrogen atoms are far 
enough apart so that, at the pH of its maximum buffer efficiency, 
each one exerts a buffer effect relatively uninfluenced by the 
others. If two buffer acids are in equal concentration in the same 
solution, their pK' values must be at least 2.5 apart in order that 
the buffer effect of each may be less than 1 per cent that of the 
other at the latter’s maximum. This is the case with phosphoric 
acid, of which the three pK' values are 2.0, 6.8, and 12.0, as seen 
from Fig. 6. The manner in which polybasic acids may be 
handled when their buffer effects overlap is discussed later. 

It is to be noted that the relationship [Ba] = [Ha] at a point of 
maximum buffer value in such a polyvalent acid buffer refers to 
[Ba] only as the amount of base replacing the hydrogen of the 
particular acid group which is acting as a buffer at the existing pH. 

4. The pH at the point of maximum slope of the buffer curve 
indicates the value of plC- 

5. For p values other than the maximum, Ka may be calcu- 
lated by solving Equation 12 for K^. We obtain thus from 
liquation 12 

m) K “ 

Of the two Kft values obtained by Equation 22, that is correct 
winch is identical with [H+] at the point of maximum i3 value, or 
the value of 0.575. While ordinarily there is no advantage 
in using values of |8 or and Equation 22, rather than 
values of [Ba] and Equation 7 in calculating an acid dissociation 
constant, yet, there may be occasions in which is more readily 
determinable than [Ba], and in which, therefore, such an advantage 
exists. 


C - 0.8686;S« =*= V (0.8686 ^m- C)»— 

o.smPu 
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The calculations indicated by Equation 22 may be performed 
graphically with the aid of the curve (Fig. 9) expressing values 

B * [H+] 

of U (U = — — == 1 for maximum (3^ and of log (which is 
0.575 

equal to pK^ ■“ pH) plotted by L, J. Plenderson in the note 
forming part of this paper. By this curve, when 13^^ is known, the 
corresponding value of pKa - pH, and hence the value of pKa may 
be found by inspection. Likewise, when the pKl of an acid buffer 
is known, the p value at any pH may be found on the curve. 


If instead of taking as the unit of buffer value we used 
^ dA 


or, 


to obtain positive values, g-jg+j where A = — B = added strong acid, we 
would obtain 

dA dB CK; 

d[H+] d[H+] (k; + [H+])’ 


The molecular buffer value in these terms would be 
. d A __ 

cTpFJ ~ (k;h-[h-^]). 

The second derivation is 

d^ A ^ 

Cd[H+J' “ “ (Ic^+pFifa 


From Equation c it is apparent that there is no point of maximum 
dA 

— ; value. The second derivative at no point changes through zero 
d [11 -^j 

from a positive to a negative value or vice ver^ia. It is always negative, 

dB 

showing that decreases continuously as long as [H*^] has any finite 

value. For mixtures containing only the free buffer acid and its salt, 

dA 

without additional alkali, minimum and therefore maximum 

d[H+J 

values, are obtained when all the acid is bound as salt. At this point 
dA 1 

=== Yet experience has led experimenters to decide that weak 

ui.ri j xV.^ 

acids act most efficiently as buffers when they are present about half as 
free acid, [Ha], half as salt, [Ba] (Clark, * 1920), For buffer mixtures con- 
taining equal parts of [Ha] and [Ba], the value of ■r ^ rr is 7^ ( obtained 

d[H+] 4 Y 
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by substituting in Equation b for the value of [H+] obtained by 

[Ba] 

solving for [H+] Henderson's equation K' = \ This means 

“ [Ha] J 

that, with half the buffer acid free in each case, half in the form of its salt, 
dA 

the values for the three phosphoric acids, H(H2p04), H(HKP04), 

and H(K2P04), would be in round numbers, respectively, — , 

4 X 10-2' 

, or 25, 2,500,000, and 250,000,000,000. In the 


1 


4X 10 


and 


4 X 10-12 


most alkaline of the three solutions, where H(K2P04) = K3PO4. 


dA 


enormous, merely because [H+] is infinitesimal and d[H'’'] is proportionally 
reduced. If we based the unit of buffer value on ability to minimize 


[OH'] instead of [H’’’] change, that is, on the value of 


dB 


— conditions 


d[OH']’ 

would be reversed, and the buffer value of the alkaline phosphate mixture 
would be estimated as a billion times greater than that of the acid phos- 

dA 

phate. If, to avoid this embarrassment, we used 7; for the acid 


dB 


dlH-^ 


range, "— — 7^ for the alkaline, the acid and alkaline phosphate mixtures 

would each have similar buffer values, but 100,000 times greater than the 
neutral H (KH.PO4) — K(ICHP04) mixture. Similar huge ranges of figures 

d[HT 


are encountered if we use the unit 1 


dA 


These anomalies and inconveniences disappear when we use 
(IB 

tlio logarithmic unit. Each buffer in terms of this unit has 
dpH 


the same maximum effect, 


dB 

dpH 


0.575 C, when [Ha] — [Ba], 


and each has within the zone where its effect is exerted, the same 
symmetrical curve of buffer value, the U-curve of Fig. 9. 

For expressing reaction changes, Clark and Lubs (1916) have 
emphasized the advantages of Sorensen's pH unit, due to its 
avoidance of huge range j of numbers, to the elegance with which 
pH data over wide ranges of reaction may be graphically plotted, 
to the fact that errors in our methods of determination are pro- 
port onal to changes in pH rather than in [H"^], and to the fact 
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that changes in pH rather than in [H*^] appear to be proportional 
to changes in physiological effects. 

For expressing buffer values the pH unit adds to these advan- 
tages that of yielding a uniform and symmetrical p curve for 
buffers, and a uniform maximum value. 

The curve'*' of Van Slyke and Zacharias (1914), showing the rate of 
action of urease in m/11 phosphate at varying pH, affords an illustration 
of the parallelism between pH change (or proportional [H'*'] change) and 
effect on an enzymic activity, and of the relative lack of parallelism between 
absolute change and effect on activity. In Table II are indicated 
the pH and [H"*"] changes accompanying the same decrease in rate of enzyme 
action on both sides of the optimum pH, Approximately the same pH 


TABLE II. 



Acid side of 
optimum. 

Alkaline side of 
optimum. 

pH when urease reaction rate == 0.4 

6.25 

8.47 

« U C{ IC « 

5.80 

8.90 

“ change 

-0.45 

4-0.43 

[H+] when reaction rate == 0.4.. 

5.6X 10“-7 

0.034 X 10-’ 

'' ‘‘ = 0.3 

15.0 X 10-’' 

0.012 X 10-’ 

change 

+ 10.3 X 10-' 

i 

O 

o 

X 

o 

Mean [H+J 

10.7 X 10 -’ 

0.023 X 10-’ 

Proportion by which [H"^] is changed ~ 



[H"^] change 

+0.96 

-0.96 

mean [H"^] 



change, positive on one side, negative on the other, accompanies the same 
decrease in rate of enzyme action on both the alkaline and acid sidoB. 
It follows that the proportions, 4*0.96 and —0.96, by which is changed 
are (in this case exactly) equal. But the absolute [H***] change on the 
acid side, 10.3 X 10""'^ is about 500 times that (0.02 X 10“*’’) required on 
the alkaline side to cause the same decrease in rate of enzyme action. 
The parallelism between pH change and effect on biological reactions is 
not, of course, regularly as accurate as happens to bo the case in this ex- 
ample. But it appears to be true that rates of enzyme action (and most 
reactions in the organism appear to be enzymic) as a rule form fairly 
symmetrical curves when plotted against pH or log [H''**]? with some degree 
of quantitative parallelism on both sides of the optimum between pH 
change and its effect; while there is no such approach to parallelism between 
effect and absolute [H*^] change. 


^ Van Slyke and Zacharias (1914), p, 194. 
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Genei'ol Equation Indicatmg the Dissociation of a Weak Acid at 
All Reactions within the Limits of Validity of the Mass Law , — As 
stated above Henderson's equation is valid only within a range 
of reaction which is ordinarity 7 =b 3 or 4, and in consequence the 
equations expressing the values of p that have been derived above 
by differentiation of Henderson's equation are subject to the 
same limitation. In order to express the relationships of 13 to 
the^hydrion concentration of the solution, and the concentration 
and dissociation constant of the buffer acid, in an equation valid 
for as great a range of conditions as that limiting the validity of 
the mass law for dilute acids, we must derive a form of Equation 
5 that is general for mixtures of weak acids and their salts, and 
not limited to the condition that [H+] and [OH'] shall be negligible 
in comparison with C and [Baj. In order to obtain the desired 
equation in a form that can be differentiated for calculation of 


— - it is necessary furthermore to express the values of [a'j and 
dpil 

[Ha] in terms of C and B. 


Let C = total molecular concentration of buffer acid, in form of either 
free acid or its salt. 

B ~ concentration of strong base BOH added to acid (gram equiva- 
lents of base per liter of solution). 

[Ba] = concentration of salt Ba. 

[Ha] “ concentration of undissociated free buffer acid. 

[a^ =“ concentration of anion formed by dissociation of the acid Ha and 
the salt Ba. 

» fraction of buffer salt Ba dissociated into B"^ and a' ions. 

« fraction of free strong base BOH dissociated into and OH' 
(BOH is, of course, present only in alkaline solutions such as 
that of Na 3 p 04 ). 

We wish to ascertain general values of [A'] and [Ha] to insert 
in the basic Equation 5, Ka[Ha] = [H+] [a']. The value of [a'] 
may be ascertained by equating the concentrations of all the 
negative and positive ions, respectively. 

[B+1 + [H+] [a'] + [OH'l 

[a'j = [B+] + [H+] ~ [OH'l 

- [B+] + [H+] - 

[H+1 


(23) 
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The terms constituting functions of [H+] in the right-hand 
member we may use as they are. [B+], however, we must obtain 
in terms of the total base added, B, and of [H+]. 


(24) 


(25) 


[B+J=7jBaH-7„ [BOH] 


[BOH] = 


[OH'] 


[Ba] = B - [BOH] 


= B 


Kw 

73 [H+] 


Substituting in Equation 24 for [BOH] its equivalent as given 
above, and for [Ba] its equivalent from Equation 25 we have 

7b/IH+1 

Substituting the above value for [B+] in Equation 23 we have 

(26) [a'] = 7,B + [H+]-J:i^ 

7b 


The concentration of unclissociated free buffer acid, [Ha], we 
find by subtracting from the total buffer concentration, C, the 
part, represented by [Ba], in the form of salt, and the part, equal 
to [H'^j, in the form of free acid dissociated according to the eciua- 
tion[Ha] - [H+] + [a'] 

[Ha] - C - [Ba] - [H^’] 

Substituting for [Ba] its value, as found above in Equation 25, 
we have 


K 


w 


[H+1 


( 27 ) 


[Ha] = C - B + 


- [HI 
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Substituting in our basic Equation 5 the above values for [a'] 
and [Ha] gives us 


(28) 


K„ = ■ 


[H+] 


7s[0H'] 


+ [H^ 


[ OH'] 

•Vb 


Substituting Ka 7 a for Ka, and dividing both sides of the equa- 
tion by 7 g, we obtain 


(29) 


[H+] ■ 


[OH'] [H+]\ 

•Vb 'Ys / 


C-B-fM-IH^] 


'Vb 


With the introduction of but slight error we may simplify Equa- 
tion 29 by substituting 1 for Tb) since, in solutions more dilute 
than 0.01 n, NaOH and KOH approach complete dissociation. 

[H+] 

We may also, in the term substitute 1 for 7 s, since in weak 

7s 

buffer acid-salt solutions of such high acidity that [H+] is an 

[Ha] 

important factor in the equation, the ratio -y is sure to be high, 

[BaJ 

with [Ba] correspondingly dilute, and 73 approaching 1 in conse- 
quence. Thus simplified Equation 29 becomes 


(30) 


K, = 


[H-*-] (B + [H+] - [OH']) 
C - (B •+• [H+] - [OH']) 


In solutions of free acids, B = 0 and [OH'] is negligible. Equa- 

[R+f 


tion 30 then becomes Ka 


-, which is equivalent to 


C - [H+]’ 

Ostwald’s dilution law (Equation 6 ) since, with only free acid 
present, C - [H+] = [Ha], In a solution containing both buffer 
salts and free acid, and with [H+] and [OH'] both insignificant in 
comparison with B (solution bordering neutrality). Equation 30 

becomes K1 = [jf • ^ , which is equivalent to Henderson’s equa- 

C — B 

tion (Equation 7). Both Ostwald’s and Henderson’s equations 
are, therefore, special cases of Equation 30. 
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( 31 ) 


( 32 ) 


111 acid and near-neutral solutions (pH < 10)5 [OH'] becomes 
negligible and Equation 30 becomes 

K' _ [ HI (B + m 
"• c -- (B +TH'0) 

In alkaline and near-neutral solutions (pH >4) it becomes 

K' - [H-^] (B - [OIF ]) 

^ G - (B - [Oir]) 

We may test the approximate accuracy of Equation 30 in the 
acid and alkaline range by applying it to the titration curves of 
W. M. Glark'^ (1920), for^HsPOl + KOH and for IKKaPO-O + 
KOH, (For the neutral range it has already been tested in the 
form of Henderson's equation in Table 1.) Clark titratiM.! 50 
cc. of 0.1 M (or 0.3 n) HnPO.! with 150 cc. of 0.1 N KOII, and de- 
terinined the pH curve. The volume was, therefore, increasing 
throughout the titration. From Clark’s curves we obtain the 
data of Table III. The publivshed curves are drawn on a scale 
which limits pH readings to an accuracy of about 0.05, but this 
suffices, considering the wide range covered, to permit use of the 
data to test the approximate accuracy of Equation 30. As seen 
from the last 2 columns, the equation gives a true constant. 

In order to differentiate Equation 30 we substitute for 


[OH'], and 
and obtain 


[H+] 

for the term [H+] [OH'], kSoIvc the equation for 




k; c [h+] - K,; [H,+]= - [irq-’ + K,, k; h- k„ [h+] 


(33) 


(34) 


(36) 


[H-^1K,, C __ 

' [H+l (k; +Th+]) 
k1 c 


[H^ l dv + IH+D 

[ifqiKy+lJiii 

K, 


+ 


(K„ -1- [H '-l) 

[H+UKy+YxiiJ) 


Ka + [H+] 
dB 


[H+]+— 2 - 
[ 11 +] 


KaC 


/3 = 


d [H+] 

dJB 

dpH 

dB 
dpll ' 


(K,, + [H+])^ 
dB 


[ 11 +] ^ 


= - 2.3 [H+] 


^ 2.3 


d[H+] 
^ k;c[h+i 
aK;+[H+])' 


+ [H+] +- [OH'l 


' Clark (1920), p. 32. 



TABLE III 

Calculation of Values of HzPOi — KHnPOi and of HK^POs — KzPC^ Mixtures by Means of Equation SO. 
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without salt. Since Ka = Ts Ka, if Ts in the other determinations has a value of 0.8, they would yield an average Ka value 
of 0.8 X 1.08 X 10-2 ^ 0.86 X lO'^, 

t The base, [B], is calculated from the amount added in excess of the 100 cc. required to neutralize the first two 
hydrogens of H3PO4. 
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Equation 35 is identical with Equation 17 , which expresses tlic 
entire range of buffer values of a solution containing a weak acid 
plus ainouiits of strong acid or alkali not limibed to equivalence 
with the weak buffer acid. It is evident therefore; that Eaquation 
35; as an approximation, is valid in general for solutions contain- 
ing acid buffers of all dissociation constants, at all phFs and con- 
centration ranges, within which the mass action law holds — that 
is, for buffer concentrations up to about 0.1 m, and a pH range 
between 2 and 12, and perhaps as wide as between 1 and 13, and 
for amounts of added strong alkali or acid not limited to any re- 
lationship to the amount of buffer acid present. 

It is evident from Equation 35 that when [H+] or [OIF] is of 


significant magnitude in comparison with 




(k: + 


the buffer 


effect will be correspondingly greater than that calculated from 
Equation 12 on the basis of Henderson’s equation. Such is the 
case with the higher acidities attainable with H3PO4 — BH2PO4 
mixtures, and with the higher alkalinities attainable with HB2PO4 
— B3PO4 mixtures. Thus in Fig. 6 we have in the central part, 
the curve of H(KHP04) — K(KHP04) mixtures, typical in 
shape and symmetry for a buffer acid acting in conformity with 
Henderson’s equation, and with its center at pH = pK^; while 
the other two ends curve symmetrically towards horizontal asymp- 
totes. The H8PO4 -*■ KPI2PO4 curve, however, instead of showing 
a decreasing slope as the proportion of free H3PO4 exceeds ^ 
molecule, shows a slope constantly increasing to the end. This 
is because, as shown in Equation 35, the buffer effeed of tlie [IH] 
itself, represented by the separate term [H+] in the equation 

0 2.3 [IJ+] q- [OH']\ becomes so gr(?at, at tli(^ 

\K^ -f [H+] / 

low pH (1.5) reached, that it prevents the decrease in the slope 
of the pH curve that otherwise occurs as [Ha] approaches C3, and 
in fact causes an increase. A similar increase of slope is observed, 
because of the high [OH'j, at the alkaline end of the IIK2PO4 
K3PO4 curve. 

The quantitative rdles are indicated by Fig. 7 of the buffer 
effects due to incomplete dissociation of the phosphoric acids, and 
the buffer effects due to the [H+] and [OIF], respectively, at the 
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more extreme pH limits by the two lower curves in somewhat 
lighter lines than the upper curve representing the total effect. 
The curves are calculated by Equation 35 using X values of 1.97, 
6.85, and 12.0, respectively, for the three acids. 

It will be noted that the ^ values at the alkaline end of the curve in 
Eig. 7 are somewhat less than indicated by the slope of this end of the curve 
in Fig. 6. The disagreement is not actual, however. Fig. 7 is calculated 
on the assumption of a constant volume with C = 0.1 m; while Fig. 6 repre- 
sents the results of a titration in which the volume was greatly increased 
at the end. The disagreement would entirely disappear if the values of 
Fig. 7 were estimated on the basis of actual C and B values calculated from 
the varying volume. 


Polyvalent Acid Buffers and Mixtures of Monovalent Acid Buffers. 


For a solution containing a mixture of buffers, the buffer effect 
at any pH is the sum of the separate effects of each buffer in 
repressing [H+] change, plus the buffer effect peculiar to the [H+] 
and [OH']. 


(36) ^ = 2.3[H+] 


(I<+[H+1)2 


02 








.) + 2.3([H+] + [OH']) 


If Cl == C 2 = C 3 , as when the various acid groups belong to ‘ 
the same molecule of a polyvalent acid. Equation 36 simplifies to 


(37) ^«2.3[H+1C 


((< 


K' 


Iv 


,+ 


+ [H+])» (K^ + [H+])’ 


+ 


■ ■ • 


5([H+1+[0H'1) 


In a polyvalent buffer, or a mixture of buffers, tbe iC value and 
buffer effect ^i, jSa, or jSs, etc., of any one acid or acid group may 
be determined, under the following conditions. 

1 . The pjKa values of the different acids or acid groups are, as in 
HiPOi, so far apart that the buffer effects do not overlap. In this 
case at [H+] values where jSi is of significant magnitude, ^2 and 
/Ss are not, and (3 = 3i, and 33 being practically zero. 

The extent to which a buffer exerts its effect on both sides of 
the point pH = pKg is roughly indicated by the following table. 



•filsS 




Buffer value /(3=^ 
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pH 


F:i({. 7, lUitler values of the three phosphoric acids. The total buffer 
value ia iiKlicuited by the heavy iiiiper curve, which represeuts the total 
j0 value oaUrulatcHl by E(|uation 35. 

At the more acid and alkaline ranges the partial values due solely to 
dissociated free acid and alkali, respectively, become significant, and are 
indicated by the miirked lower curves; while the remaining partial ^ values, 
due to reprcjssion of [H“^l change, are indicated by symmetrical curves 
similar to that of HCBHPOi) in the center. 
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pH 

Proportion of maximal buffer effect. 


per cent 

vK 

100.0 

pKa ± 1 

33.0 

vK ± 2 

4.0 

pK'a ± 3 

0.4 

pK'a ± 4 

0.04 


(The effect is accurately shown for all values within the range 
pH = pKa d:: 2 by Fig. 9 in the attached note by Henderson.) 

An example of a polyvalent buffer with acid groups whose buffer 
effects do not ot^erlap is given, as stated above, by H3PO4, and 
shown in Figs. 5 and 6. 

2. The buffer effects partially overlap. In this case the calcula- 
tions can be made from the parts of the curve where each buffer 
is free from the influence of the other, and can be checked by 
calculations of the total P and B in the pH range where they are 
summations of the overlapping effects. 

3 . The effective range of a buffer is co7npletely overlapped by those 
of others j of which ^ however^ the and C values are kmum. In 
this case we may assume for example that two buffers overlap 
with their buffer effects Pi and P 2 the effect Pz of a third buffer. 
If pi and P^ can be calculated, pz can be estimated by subtracting 
pi and P 2 from the total observed buffer value, 


From pz thus ascertained one may calculate l)y Equation 22. 
The calculation of Pi and p% from known and and of from 
pzi is made most simply, however, graphically, by inspection of 
the U“Curve of Fig. 9. 

When the total amount of base, B, is known, a similar proce- 
dure can be followed to use it instead of p to determine the dis- 
sociation constants. From Equation 33 one determines Bi and 
B 2 , and by subtracting them from the total base B obtains B®, 
This is substituted in Equation 30 to determine This pro- 
cedure is somewhat simpler than that based on p determinations. 



Donald D. Van Slyke 


557 


An example of the use of the above modes of procedure in de- 
termining the separate dissociation constants of a polyvalent 
acid is contained in a subsequent paper by Hastings and Van 
Slyke (1922) on citric acid. 

It is to be noted that the maximum of a polyvalent buffer 
may exceed 0.575 if the effects of the different buffer groups over- 
lap. When /3 = /3i + i32 + fizj if at the pH where has its maxi- 
mum value of 0.575, /3i and are of significant size, we shall 
have jS = 0.575 + In the case of citric acid, for example, 

the maximum is 0.84. See also Fig. 8 for demonstration of 
the summation of buffer effects when the pK' values are nearer 
together than 3 units. 


Basic Buffers, 


If we designate the undissociated weak base as bOH (a small 
b is used to differentiate the weak base from B, the strong base), 
wo have as our primary equation for dissociation of a weak base, 
Equation 38, analogous to Equation 5. 


(38) 


^ . [OH1 [b-^] 
- bOH 


If we have a mixture of a salt bA and the free base bOH, the 
equation becomes, analogous to Equation 28 


(39) 


[OH'](-y,A-n[H+] + [OH']) 

Kb = 

C- A+ -[OH'] 

ye 


If we let Kb = — , substitute in Equation 39 — — for Kb, 

Kb Kb 

K 

for [OH'], and — B for A, and differentiate B with respect 

[H+] 

to [H+], as in obtaining Equation 35, we obtain an equation (Bqu^ 
tion 40) identical with Equation 35, except that Kb replaces Ka. 


iL k;c[h^] 


+ [H+1 + [OHq 



(40) 
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It follows, therefore, that all the equations and relationships 
that have been demonstrated to hold for acid buffers hold like- 
wise for basic ones, the only difference being that in equations 
covering the behavior of the latter the approximate constant Kb, 


which equals -J—- , replaces the approximate constant which 
Kh 


equals 


Ka 

; 

7a 


of the equations covering the behavior of acid buffers. 


Amphoteric Buffers. 


In the case of an amphoteric buffer with acid groups, having 
Ka values Ka,, etc., and basic groups having values 
Kbj, Kbj, etc., we have, by summation 


(41) (3=2.3C[H+] 


Kb 


/ Ka 

\K + li 


K„ 


+ • 


■ + ■ 


[H+])2 (Ka, + [H+]) 
Kb 


. . . + 


(K^ + KbJH+])2 (!<:,, + KbJH+]) = 


) 


+ 2.3 ([H+] + [OH'D 


The discussion under “Polyvalent acid buffers” applies also 
to amphoteric buffers, practically without modification except 
that pKb is to be used in place of pKa for the basic group. 


Universal Buffer Mixtures. 

Acree and his coworkers (192.1) have pointed out that “there 
are advantages to be derived from the use of bufhsr mixtures 

covering a wide pH range and so selected as to 

form a practically continuous, as well as smooth curve,” in other 
words, to maintain a constant buffer value. From the considera- 
tions of the present paper it appears possible to predict the relar 
tionships of the buffers that will form such a mixture. Approxi- 
mate constancy of buffer value will be maintained in a mixture 
of total buffer value 

^ = A + ft + iSj 

under the following conditions. Each buffer must have its pK' 
at such a distance from its adjacent neighbor in the series that 
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the overlapping buffer effects at pH = pK^ equal those at pH == 

pKj + pKg 

— — , or at a pH midway between two pK' values. Under 

these conditions the total buffer value midway between the maxi- 
mum of a given buffer and that of the adjacent buffer will be the 
same as the buffer values at the maxima, and the fluctuations 
between can be but slight. The solution of the problem is approxi- 
mated by calculating the total buffer values by means of Equation 
12. The calculation is most readily done graphically by means of 
Fig. 9. Over most of the range covered in the calculations of 
Table II, it was necessary to add 5 buffer values at the point 

pH = pKj, and 6 at the point pH = midway 

between 2 pK'^s, 

TABLE IV, 


Interval between 
pKj and pK^ . . . etc. 

Total buffer value, calculated as sum of molecular buffer 
values of individual buffers. 

i 

at pH « pK' 

at pH » pK'+ y 

3.0 

0.577 

0.138 

2.0 

0.598 

0.384 

1.6 

0.684 

0.552 

1.4 

0.749 

0.673 

1.3 

0.784 

0.738 

1.2 

0.848 

0.813 

1.1 

0.919 

0.899 

1.0 

1.003 

0.998 


It is apparent from Table IV that the ideal universal buffer 
would be approximated by a mixture of buffers forming a series 
with their pK' values separated by 1 unit, each K' being 10-fold 
as great as the next lower. In a solution containing such a series 
of buffers in equivalent concentration the total buffer value varies 
less than 1 per cent. When the intervals between pK'^s are 1,4, 
the total buffer value shows a difference of about 10 per cent 
between maxima and minima. When the difference is 2.0 the 
maximum buffer values exceed the minimum by over 50 per 
cent. 

Wheii the pK' intervals are regular, the most constant total 
buffer value is obtainable by using all buffers in the same concen- 
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tration. In ease, however, some of the intervals are longer than 
the rest so that one or two buffers are more isolated from the rest 
and consequently less supported by overlapping buffer effects 
of their neighbors, such buffers are to be used in sufficiently greater 
concentration to bring the total buffer value in these zones of 
activity up to that of the rest of the system. 

Fig. 8 shows graphically the total buffer values obtained by 
equimolecular mixtures of buffer series, of which the pK' intervals 
are 1, 2, and 3, respectively. 


The Buffer Value of Blood, 


From the BHCO3 : pH curve for normal arterial blood under 
varying CO2 tensions given by the writer in a previous article 
(1921, 5, Fig. 2) it is possible to calculate the buffer value. At 
the reaction range pH 7,0 to 7.8, dB = dBa, since the amount of 
B in the form of BOH is negligible. The increase in BHCO3 
with increasing CO2 tension and falling pH is equal to the de- 
crease in Ba of the other buffers, since the base used to form addi- 
tional BHCO3 comes from them. Consequently, for the buffers 


XT xi. „ TiTTrirv dB - dBHCOa 

other than BHCO3, rvrr 

dpH dpH 

7.8 (mean pH = 7.4; ApH 


Between pH 7.0 and 


0.8) the mean molecular concentra- 
tion of BHCO3 decreases from 0.0285 to 0.0120 (A Ba = 0.0165). 
Therefore, at mean pH 7.4, for the buffers other than BHCOs, 
^ ABa 0.0165 ^ 

|3 B» — — ss: -0.0206. 

ApH 0.8 

The buffers other than BHCO3 are chiefly proteins. In fact, 
they appear to be chiefly the weak acid groups in the hemoglobin 
(Van Slyke, 1921, a).® If these groups were exerting their maxi- 
mum buffer efficiency, having their pK' values near 7.4, their 

^ ^ 0.0206 

total concentration would be C = ~ = 0.036 n 

0.575 U.575 

(Equation 20), and they would be combined with’ 0.5 equivalent 

C 

of alkali, or 0.018 n, since, at pH = pK', Ba = — . If pK' were 


less than 7.4, then Ba would exceed 0.018 isr, if pK' were more than 
7.4, then Ba, the base bound to protein, would be less than 0*018 N. 


» Van Slyke (1921, a), p. 160, 
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As a matter of fact; as closely as one can estimate from the only 
data available (Greenwald, 1922), 0.018 n is about the concentra- 
tion of alkali bound to proteins in the blood. If this is substan- 
tiated (experiments are in progress), it means that in normal 
blood the active buffer groups, other than those of BHCO3, total 
about 0.036 n in concentration. The hemoglobin concentration 
is about O.OOS m, if one assumes that 1 molecule of hemoglobin 

3.6 

binds 1 molecule of oxygen. Probably, therefore, == 4.5 

O.o 

represents more or less approximately the number of COOH 
groups in each oxyhemoglobin molecule that are active at blood pH. 

In Green wakFs method the proteins are precipitated with an excess of 
picric acid and the picric acid combined with alkali is determined as the 
difference between total picrate and free titratable picric acid. Essentially 
this procedure removes the protein and total H 2 CO 8 , and measures the 
picric acid required to neutralize the bases that were combined with them. 
In order to measure this value exactly in such a procedure the titration 
of the free picric acid would require the pH of blood for its end-point 
(Van Slyke, Stillman, and Cullen, 1919).^ Greenwald used two end- 
points, one (methyl red) 2 pH units on the acid side of 7.4, the other (thy- 
molphthalein) about equally on the alkaline side. The average normal con- 
centrations of base thus measured were 0.0435 and 0.0315 n, respectively, 
with the two indicators, the mean value, 0.0375 n being probably close to 
the amount of base bound by H 2 CO* and protein in normal blood. If we 
subtract from 0.0375 n the 0.0205 N base normally bound as bicarbonate 
(Van Slyke, 1921, 6),» we have left 0.0170 n base bound by the proteins. 


If to the buffer value of the buffers other than the bicarbonate 
we add that of bicarbonate we obtain the total buffer value of 
the blood. The value for the BHCO3 and H2CO3 buffer at pH 7.4 
may be calculated from Equation 12. At pH 7.4, [H+] — 4 X 
lO-^S; C « [BHCOg] + [H2CO3] = 0.0215; and K - 8 X 
10*^^ (Henderson and Haggard). Substituting these numerical 
values in Equation 12 we have 


dB ^ , 4 X 10-8 X 0.0215 X 8 X 10"^ 
dpH “ (8 X10*-7 + 4 X 10-8)2 


0.0022 


Adding 0.0022 to 0,0206, the ^ of the other buffers, gives 0 » 
0.0228 as the average total buffer value of normal human blood 
at pH 7.4. 

Van Slyke, Stillman, and Cullen (1919), p. 167. 

® Van Slyke (1921, 6), p. 170. 
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The total concentration of buffers active in the blood at pH 7.4 
is at least 0.036 n (buffers other than bicarbonate) + 0.021 n 
(BHCO3 + H 2 CO 3 ) = 0.057 N. The alkali bound by these buffers^ 
which are apparently all of the weak acid type^ appears to , be 
about 0 04 N (0.038 n bound by protein and H 2 CO 3 (Greenwald, 
1922), and traces by other buffers). 

The above estimates of buffer concentration and buffer alkali 
are merely first approximations. The 0.04 n buffer alkali figure 
is a rough estimate. The 0.057 n total buffer concentration may 
have to be increased in proportion as the active protein buffer 
groups are found to have pK' values differing from 7.4. The 

dB 

figure 0.022 for the average - value of human blood is based 

dpH 

on fairly complete observations and is probably about correct. 

The ability of the blood in vivo to neutralize non-volatile acids 
without cha,nge in pH is not due to buffer action, that is to the 
incomplete dissociation of the weak buffer acids set free by reac- 
tions such as HCl + Ba == Ha + BCl. It is due to the vola- 
tility of one of these acids, CO 2 , and the ability of the respiratory 
apparatus to remove the excess CO 2 set free by such a reaction 
as HCl + BHCO 3 = BCl + HsCOa. Because CO 2 set free is 
thus removed, the bicarbonate is, as shown by the writer (1921, a), 
the most important form of the blood^s alkali reserve available 
for neutralizing non-volatile acids, such as /3-hydroxybutyric. 

For neutralization of added H2CO3, however, (in venous blood) 
the BHCOs formed can exert only its actual buffer effect, which 
is about 0.1 that of the other blood buffers. For preservation of 
the blood^s neutrality against retention of non-volatile acids the 
bicarbonate, because of the volatility of the CO 2 set free from 
it, is the most important single constituent; while for preservation 
of neutrality against CO 2 retention, hemoglobin, because of its 
buffer power, is the most important constituent. 

Determination of the Buffer Values of a Solution by Titration, 

The experimental determination of the buffer value, of a 
given solution at a given pH may be performed in either of the 
following two ways. 

1. By determination of the slope of the pH curve at the given 
pH. One adds strong standard acid or alkali in varying amounts 
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to' the solution, and determines the pH after each addition. If 
the coiiccntuition of added standard acid or alkali bo great enough 
to keep the inaximuin increase in volume of the buffer solution 
relatively small, e.g. below 50 per cent of the original, the volume 
change may ordinarily be neglected, as the pH values of most 
buffer solutions are but slightly affected by volume changes of 
such magnitude. Addition of each cc. of n NaOH to a buffer 

solution of original volume V cc. causes an increase of A B == 


The buffer value, 


dB 

dpH 


, at any pH may be determined graphically 


by drawing a line tangent to the curve at that pH and m(3asuring 
the slope of the line. (See Fig. 1 and its discussion.) (The 
tangent can be drawn most accurately by a device employed by 
engineers and called to my attention by Dr. Northrop. A mirror 
is laid at right angles across the curve, so that the curve on paper 
is continuous with its reflection. A line drawn across the curve 
along the edge of the mirror is then perpendicular to the tangent, 
which with the help of a square is laid off at right angles to the 
mark of the mirror-edge.) 

2. By measuring the amount of strong acid or alkali required to 
cause a pH change over a measured range. One merely adds as 
in the above procedure, a measured amount of standard alkali 
or acid, and determines the pH before and after the addition. If 
the added alkali is A B, and the increase in pH is A pH, then the 


average buffer value between the two pH’s observed is 


AB 

Apt* 


For example, if 10 cc. of m NaOH arc added to 1 liter of a buffer 


10 y 1 

solution of unknown value, AB - — » ().()l. If the pH 

values before and after the additions are 7 and 8.5, respectively 

ApH = 8.5 - 7 = 1.5, ^ ^ = 0.0067. 0.0067 represents 

x.O 

the average value of (3 between pH 7 and 8.5, or approximately 
the /8 at pH 7.75. Table I gives an example of this manner of 
determining values of /3. 

If the average /3 value over a certain pH range is used as an 
approximation of the exact j5 value at the mean pH, as in Table 
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I, it is essential that the pH intervals be not too great. Where 
the Bj pH curve is nearly straight a pH range exceeding 1 may 
be used to determine at the mean pH, as in the case of citric 
acid; but where there is much curvature the range should be 
less in order to yield accurate mean values. 


TABLE V. 


Wl 

op 

j:>\ 

o 

aP 

5Io 

o 

kH 

ft 

1 

M 

ft 

11 

kh 

M 

> 

11 

CO 

CO 

TM 

o 

> 

ns 

4^ 

nS 

= XJ 

0.575 . 

0.01 

0.99 

99.0 

1.990 

0.0009 

-0.0097 

0.0396 



0.02 

0.98 

49.0 

1.090 

0.0196 

-0.0192 

0.0784 



0.05 

0.95 

19.0 

1.279 

0.0475 

-0.0428 

0.1900 



0.10 

0.90 

9.0 

0.954 

0.0900 

-0.0720 

0.3600' 



0.15 

0.85 

5.07 

0.753 

0.1275 

-0.0893 

0.5100 



0.20 

0.80 

4.00 

0.602 

0.1600 

-0,0960 

0.6400 



0.25 

0.75 

3.00 

0.477 

0.1875 

-0.0938 

0.7500] 



0,30 

0.70 

2.33 

0.368 

0.2100 

-0.0840 

0.8400 



0.35 

0.65 

1.858 

0.269 

0.2275 

-0.0683 

0.9100 



0.40 

O.GO 

1.500 

0.176 

0.2400 

-0.0480 

0.9600 



0.45 

0.55 

1.222 

0,087 

0.2475 

-0.0248' 

0.9900 



0.50 

0.50 

1.000 

0.000 

0.2500 

0.0000 

1.0000 

►50 per cent 

^75 per cent 

0.55 

0.45 

0.818 

0.913-1 

0.2475 

0.0248 

0.9900 



0.60 

0.40 

0.667 

0.824-1 

0.2400 

0.0480 

0.9600 



0.65 

0.35 

0.538 

0.731-1 

0.2275' 

0.0683 

0.9100 



0.70 

0.30 

0.429 

0.032-1 

0.2100 

0.0840 

0.8400 



0.75 

0.25 

0,333 

0.523-1 

0,1875 

0.0938 

0.7500, 



0.80 

0.20 

0.250 

0.398-1 

0.1600 

0.0960 

0.6400 



0.85 

0.15 

0.170 

0.247-1 

0.1275 

0.0893 

0.5100 



0.00 

0.10 

O.IU 

0.046-1 

0.0900 

0.0720 

0.3600 



0.95 

0.05 

0.0520 

0.721-2 

0.0475 

0.0428 

0.1900 



0.9S 

^ 0.02 

0.0204 

0.310-2 

0.0196 

0.0192 

0,0784 



0.09 

' O.OI 

0.0101 

0.001-2 

0.0099 

0.0097 

1 0.0396 



Note by Lawrence J. Henderson. 

Professor Henderson consented to criticize the preliminary 
draft of the above paper and suggested that the relationships 
involved in the first and second differential derivatives of his 
equation (Equation 7) might be more readily perceived as out- 



LO +0.40 



OP pK-pfi 
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lined by the following series of equations, and by Table V and 
Fig. 9. The latter demonstrate over the main significant range, 
the interrelation between: (1) buffer effect, (2) ratio of buffer 
dissociation constant to hydrion concentration of the solution, 
(3) ratio of buffer salt to free buffer base or acid, and (4) value of 
the second differential. 

First Derivative, 
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Second Derivative, 
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Hence, alternatively, leaving out the constant factor 

dV /[Ba] [HaJX 

.A-rw +i n n I 0 n i 


(log JO) ^ 


dlog[H+] C 


C J 


SUMMAEY. 


As a numerical measure of the buffer value of a solution the 
number of gram equivalents of strong alkali or acid taken up 
per unit change in pH has been used. In these terms, each cc. 
of N alkali or acid that must be added to a liter of solution to 
raise or lower its pH by 1 adds 0.001 to the buffer value. 

Since the buffer value varies with varying pH, the value at 

dlH 

any given pH is defined by the ratio ■ 


dpH 

A general form of the mass action equations, K 
[OH'] [b'l 


[H-^1 [a1 
[Ha] 


and K 


[bOH] 


-, covering the dissociations of weak acids and 


bases, respectively, in the presence of their salts, has been developed 
and differentiated. The general equation obtained expressing 
the buffer value, is 


K' = 


Ka 


for weak acids, where K» is the acid dissociation con- 
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stantj % the fraction of the salt Ba dissociated into [B+] and [a'] 

IVwTs 


ions. For weak bases K' = 


Kh 


C indicates the concentration 


of the buffer. When 0 = 0, and no weak acid or base is present, 
the buffer equation simplifies to = 2.3 ([H+] + [OH']), which 
indicates the buffer value of water plus strong acid or alkali. 

When pH is within the limits of about 3 and 11, and C has a 
value not much less than 0.1 n, [H+] and [OH'j are relatively so 
small that‘ the buffer equation simplifies to 


/3 = 2.3 


[H+]C 


2.3 


(K'-h[H+])2 

Under these conditions the molecular buffer value = 
K' [H+] 


(K' + [H+])^ 


i8 has its maximum value for every buffer when 
2.3 


[H"*'] = K'. At this point == -— = 0.575 for every buffer, and 


when 


1. For given values of these 


onc-half the buffer is in the form of free acid or base, one-half 
in the form of its salt. That is, maximum buffer value is exerted 
[HU Ba / bOH\ 

K' Ha bA/.“" 

ratios greater or less than 1 definite proportions of the maximum 
buffer effect are exerted (Fig, 0). 

Applications of the above facts are indicated, including the 
determination of the acid and basic dissociation constants and the 
molecular weights of buffers, and the calculation of the buffer 
values of solutions of mixed, polyvalent, and amphoteric buffers. 
The tecluiique for experimental determination of the buffer values 
of solutions is outlined. 

Tlics buffer value of normal blood at pH 7.4 is shown to approxi- 
mate that of a 0.04 n solution of a buffer acid with K' = 10 


• 7.4 
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Note Added to Proof . — Koppel and Spiro (1914), in a paper overlooked 
until the above went to press, have utilized a similar, though not identi- 
cal buffer unit, viz. where So represents the amount of strong 

dpH 

acid that would produce the change dpH if added to an unbuffered solu- 
tion of a given initial pH, while S represents tlie actual amount of strong 
acid required in the buffered solution to cause the same pH change. 
Within the pli range of validity of Henderson’s equation this unit 
becomes numerically identical with ours (except for being its negative 
value), since So is negligible; and Koppel and Spiro have reached some 
conclusions identical with ours for solutions within this range, vis., con- 
cerning the occurence of a constant, maximum, buffer value when 
Ka = [lH*]. For pH values outside the range of validity of Henderson’s 
equation, Koppel and Spiro’s unit is not identi(ial with the, we believe, 
d B 

more simply applied unit developed in this pa|)cr. 
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Preparation (Levene and 
Taylor) 234 

Drugs: 

Blood, composition of, ef- 
fect on (Atkinson and 
Ets) 5 


E 


Edestin: 

Hydrolyzed, source on 
nitrogen ’for yeast 

(Swoboda) 98 

Egg albumin: 

Emulsifying agent, action 
as (Clark and Mann) 
179 

Egg white: 

Digestion (Wolf) 

207 

Electrolytes: 

Emulsifying agents, action 
bn (Clark and Mann) 
157 


Enzymes: 

Autolytic, nature of 
(Bradley) 467 

Epilepsy: 

Ketogenic ratio in (Wilder 
and Winter) 

398 


Ether: 

Blood, chemical changes 
in, by (Atkinson and 
Ets) 5 

Ethyl alcohol: 

Vitamine, antiscorbutic, 
solubility of (Hart, 
Stebnbock, and Lep- 
kovsky) 242 

Ethyl isopentacosanate: 

Preparation (Levene and 
Taylor) 239 
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Ethyl isotricosanate : 

Preparation (Lisvenb and 
Taylok) 233 

Ethyl lignocerate : 

Preparation (Levenb and 
Taylor) 236 

Euglobulin : 

Colostrum, precipitation 
from (Howe) 55 

F 


Fat: 

Blood content, effect of 
ether on (Atkinson and 
Ets) 8 

Feces: 

Buffer action (Robinson) 
457 

Human, hydrogen ion con- 
centration (Robinson) 
445 


Field peas: 

Proteins, nutritive proper- 
ties (Rnes, Jones, and 
Johns) 403 

Fumaric acid: 

Muscle tissue, action of 
(Dakin) 185 


G 


Galactose: 

Saponin of Agave lechu- 
guilla, component of 
(Johns, Chernoee, and 
Vibhoeveb) 345 

Globulins: 

Serum, blood, determina- 
tion in (Henley) 

367 

See also Euglobulin, etc. 
Glucosamine : 

Yeast, source of nitrogen 
for (Swoboba) 

101 


Glucose : 

Saponin of Agave leehu- 
guilla, component of 
( Johns, Chernoee, and 
VlBHOBVBIl) 343 

Glutaconic acid: 

Muscle tissue, action of 
(Dakin) 187 

Growth : 

Chickens, cod liver oil, ef- 
fect of (Hart, Halpin, 
and Stbenbock) 

379 

Gum arabic: 

Emulsifying agent, action 
as (Clark and Mann) 
177 

H 


Heat production: 

Poultry during polyneu- 
ritis (Anderson and 
Kulp) _ 79 

vitamine starvation 

(Anderson and Kulp) 
77 


Hemolysis: 

Hydrogen ion concentra- 
tion of plasma, colorimet- 
ric determination, effect 
on (Cullen) 504 

Histamine : 

Bowel, obstructed, pres- 
ence in (Gerard) 

111 


Histidine: 

Arachin, alkali-resistant 
residue, content (Jones 
and Waterman) 

365 

Yeast, source of nitrogen 
for (Swoboda) 

101 

Hydrochloric acid: 

Emulsifying agents, action 
on (Clark and Mann) 

157 
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Hydrogen electrode: 

Vessel, Clark’s, modifica- 
tion of (Cullen) 

521 

Hydrogen ion concentration: 

Blood, effect of ether on 
(Atkinson and Ets) 

8 

Colorimetric and electro- 
metric methods with so- 
lutions containing car- 
bon dioxide, comparison 
of (CuIjLen and Hast- 
ings) 517 

Electrometric determina- 
tion (Cullen) 

501 

Feces, human (Robinson) 

445 

— , measurement of (Rob- 
inson) 448 

— , physiological factors, 
influence of (Robinson) 

451 

Plasma, colorimetric deter- 
mination (Cullen) 

501 

s?/?n.-j3-Hydro:^glutaric acid: 

Glutaconic acid, forma- 
tion from, by muscle 
tissue (Dakin) 

187 

«-Hydroxylignoceric acid: 

Preparation (Levene and 
Tayloh) 

232 

I 

Infections: 

Ketogonic ratio, effect on 
(WiLDBE and Wintee) 

398 

Interfacial tension: 

Emulsifying agents 

(Claek and Mann) 

157 


Intestine : 

Obstructed, histamine in 
(Geeard) 


111 


Intoxication: 

Intestinal, chemical studies 
(Gehakd) 


111 


Inversion : 

Sugar as an emulsifying 
agent, effect on (Claek 
and Mann) 


167 

Isocholesterol : 

Cholesterol, differentia- 

tion of, by arsenic 
trichloride (Kahlen- 

beeg) 

220 


Isopentacosane : 

Preparation (Levene and 
Tayloe) 


240 


Isopentacosanic acid: 

Preparation (Levene and 
(Tayloe) 


234 


Isopentacosyl alcohol : 

Preparation (Levene and 
Tayloe) 

239 

Isopentacosyl iodide: 

Preparation (Levene and 
Tayloe) 

239 

Isotricosanic acid: 

Preparation (Levene and 
Tayloe) 

232 

Isotricosyl alcohol: 

Preparation (Levene and 
Tayloe) 

233 

Isotricosyl iodide: 

Preparation (Levene and 
Tayloe) 

233 
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Isotricosylmalonic acid: 

Preparation (Lkvene and 
Taylor) 

234 

J 

Jejunal mucosa: 

Histamine present in 
(Gerard) 

117 

K 

Kaolin: 

Creatinine, absorption of 
(Behre and Benedict) 
20 

Ketogenesis : 

Threshold (Wilder and 
Winter) 

393 

Ketogenic ratio: 

Diabetes (Wilder and 
Winter) 

398 

Epilepsy (Wilder and 
Winter) 

398 

Infections, effect of 
(Wilder and Winter) 

398 

Kidney; 

Autolysis (Bradley) 

469 

L 

Lactic acid: 

Blood, detemiination in 
(Clausen) 

275 

Determination, interfer- 
ing substances (Clau- 
sen) 270 

— of small amounts 
(Clausen) 

263 

TJrine, determination in 
(Clausen) 

273 


Lactose: 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 

460 

Lanolin: 

Arsenic trichloride, re- 
action with (Kaiilen- 
berg) 

221 

Laxatives: 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 

452 

Lecithin: 

Blood content, effect of 
ether on (Atkinson and 
Ets) 

8 

Leg weakness : 

Chickens, cod liver oil as 
preventative (Hart, 
Halpin, and Steen- 
bock) 

379 

— , study of (Hart, Hal- 
pin, and Steenbock) 

379 

Lignoceric acid: 

Ccrebronic acid, rela- 
tion of (Lbvene and 
Taylor) 

227 

Lignoceryl alcohol: 

Pri^paration (I, even e and 
Tayi-or) 

237 


Lignoceryl cyanide: 

Preparation (Levbne and 
Taylor) 

237 

Lignoceryl iodide: 

Preparation (Levene and 
Taylor) 

237 
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Linalool: 

Mentha aquaiica Lmn4, 
oil, occurrence in 
(Keemeks) 

440 

Linalool acetate: 

Mentha aquatica oil, iden- 
tification in (Kremees) 

440 

Liver : 

Autolysis (Bradley) 

469 

Lysine : 

Arachin, alkali-resistant 
residue, content (Jones 
and Waterman) 

365 

Yeast, source of nitrogen 
for (Swoboda) 

102 

M 

Magnesium: 

Blood, determination in 
(Denis) 

411 

Determination (Briggs) 

349 

— , colorimetric (Hammett 
and Adams) 

211 

M(^tal)olisin in milch cows 
(Forbes, Schulz, Hunt, 
Winter, and Hemlbr) 

281 

Plasma, dcitc^rmination in 
(Denis) 

411 

S(‘.rum, determination in 
(, Denis) 

411 

Magnesium oxide : 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 

463 


Maleic acid: 

Muscle tissue, action of 
(Dakin) 

186 

Malic acid: 

Muscle tissue, action of 
(Dakin) 

187 

l-Malic acid: 

Fumaric acid, formation 
from, by muscle tissue 
(Dakin) 

185 

Jl-Malic acid bisphenylhydra- 
zide: 

Preparation (Dakin) 

188 

Manihot utilissima: 

See Cassava. 

Maranta arundinacea: 

See Arrowroot. 

Mentha aquatica Linne: 

Volatile oil, study of 
(Kremees) 

439 

Mentha piperita: 

Pulegone, occurrence of, 
in (Kremees) 

443 

Metabolism: 

Mineral, of milch cow 
(Forbes, Schulz, Hunt, 
Winter, and Remler) 

281 

— ^ ^ effect of 

arsenic on (Forbes, 
Schulz, Hunt, Winter, 
and Remler) 

281 

— ^ — , — — ^ effect of 
calcium salts (Forbes, 
Schulz, Hunt, Winter, 
and Remler) 

281 

Phosphorus, on exclusive 
rice diet (Anderson 
and Kulp) 80 
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MetRholism—contmued: 

Polyneuritis (Andeeson 
and K'OLp) 

71 

Potassiuni, on exclusive 
rice diet (Andebson 
and Kulp) 

80 

Poultry during vitamine 
starvation (Anderson 
and Kulp) 

69 

Protein, on exclusive- 
rice diet (Anderson and 
Kulp) 80 

Methyl alcohol: 

Vitamine, antiscorbutic, 
solubility of (PIart, 
Steenbock, and Lep- 
kovsry) 

242 

Muscle tissue: 

Furnaric acid, action on 
(Dakin) 

185 

Glutaconic acid, action on 
(Dakin) 

187 

Maleic acid, action on 
(Dakin) 

186 

Malic acid, action on 
(Dakin) 187 

N 

Nerve: 

Sciatic, respiration of 
(Sheaef) 

47 

Nitric oxide: 

Oxygen, reaction with, as 
means of determining 
(Shbapp) 35 

Nitrogen: 

Determination, micro 
Kjeldahl (Swoboda) 

92 


Nitrogen—conimued : 

Excr(d/ion, daily, l)y rats 
on nitrogen-frcH^ died) 
(Mitch kll, N eve nb, 
and Kendall) 

423 

Metaliolisin in milch cows 
(Forbes, Schulz, Hunt, 
Winter, and Pemler) 
281 

Non-protein, blood con- 
tent, effect of (ytlier on 
(Atkinson and Ets) 

7 


— , of ' tissues and endoge- 
nous catabolism, (Mit- 
chell, Nevens, and 
Kendall) 

417 

Yeast, nutrition of 
(Swoboda) 

91 


Nutrition: 

Chickens (Hart, Halpin, 
and Steenbock) 

379 

Chinese velvet bean, value 
of (Jones, Finks, and 
Waterman) 

209 

Cow-pcais, valium of (Finks, 
Jones, and Johns) 

403 

Field pea, ' value of 
(Finks, Jones, and 
Johns) 

403 

Georgia velvtdi Ixyan, value 
of (Jones, Finks, and 
Waterman) 

209 


0 


Orange juice: 

Desiccated, vitamine of 
(PIaet, Steenbock, and 
Lepkovsky) 


241 
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Oxygen : 

Blood, combining power of, 
determination in Van 
Slyke apparatus (Lunds - 
GAARD and Mollee) 

377 

— in anoxemia, partial 
pressure (Geeene and 
Gbeenb) 137 

— , partial pressure in, 
during induced anox- 
emia (Greene and 
Greene) 137 

Determination in minute 
quantities (Sheaff) 

35 

P 

Pancreas : 

Autolysis (Bradley) 


See Cow-pea, Field pea. 

Pepsin: 

Definition (Bradley) 

469 

Gland tissues, effect on 
(Bradley) 470 

Peptamine histamine : 

Intestine, obstructed, pres- 
ence in (Gerard) 

119 

Phenolphthalein: 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 

454 

Phosphates: 

Plasma, determination in, 
error in (Denis and 
VON Meysenbug) 

1 

Phosphoric acid : 

Buffer values for (Van 
Slyke) 555 


Phosphorus: 

Inorganic content of 
chicken serum (Hart, 
Halpin, and Steen- 
bock) 

384 

Metabolism in milch cows 
(Forbes, Schulz, Hunt, 
Winter, and Remler) 

281 

— on exclusive rice diet 
(Anderson and Kulp) 

80 

Vegetables, utilization of, 
by man (Blatherwick 
and Long) 

125 

Physiological salt solution: 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 

455 

Phytosterol: 

Cholesterol, differentia- 
tion of, by arsenic tri- 
chloride (Kahlenbeeg) 

221 

Pisum sativum : 

See Field pea. 

Plasma: 

Bicarbonate concentra- 
tion, determination of 
(Van Slyke) 

495 

Carbon dioxide capacity, 
effect of ether on (At- 
kinson and Ets) 

^ 7 

Cholesterol, determination 
of (Bloor, Pelkan, and 
Allen) 

191 

Fatty acid content (Bloor, 
Pelkan, and Allen) 

199 
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Masma—conUnued: 

Fat ty acid , dotemiiiiation 
of'(BLOO.R, Prlkan, and 
Ali^en) 

191 

Hydrogen ion concentra- 
tion, colorimetric deter- 
mination of (CxjIiLEN) 

501 

Magnesium content 

(Briggs) 

354 

— , determination of 
(Briggs) 349 

— j — — (Denis) 

411 

Phosphates, determination 
of, error in (Denis and 
VON Meysenbug) 

1 


Polyneuritis : 

Metabolism during (An- 
derson and Kitlp) 

71 

Respiratory exchange dur- 
ing (Anderson and 
Kulp) 

74 


Potassium: 

Metabolism in milch cows 
(PORBES, ScHXJ'LZi, HUNT, 
WiNTEii, and Remler) 
281 

— on exclusive rice diet 
(Anderson and Kulp) 
80 


Potassium oxalate: 

Phosphate dcitermination 
in plasma, effect on 
(Denis and von Mey- 
senbug) 2 

Potato: 

Starch, raw, digestibility 
of (Langworthy and 
Dbuel) 

251 


Proline : 

Yeast, source of nitrogen 
for (Swoboda) 

102 


Protein (s) : 

Blood, removal from 
(Pucher) 

329 

Catabolism , en dogenous, 

theory of (Mitchell, 
Nevbns, and KendaliO 

417 

Colostrum, determination 
of (Howe) 

^51 

— , differential precipi- 
tation of (Howe) 

51 

Cow-pea, nutritive prop(U'- 
ties (Pinks, Jones, and^ 
Johns) 

403 

— , , cystine, c'ffeeJ of 

^ (Finks, Jones, and 
Johns) 

404 

Digestiliility in vitro 
(Jones and Water- 
man) 

357 

Field pea, iiutritiv(‘ firoixu’- 
ties (Finks, Jones, and 
Johns) 

403 

Metaliolism of, on exclu- 
sive ric(^ di(4't (Ander- 
son and IvtTLp) 

80 

Pseudoglobulin: 

Colostrum, precipitation 
from (Howe) 

58 


Pulegone : 

Mentha piperita^ occur- 
rence in (Kremebs) 

443 
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R 


Respiratioa: 

Sciatic nerve, resting 
(Sheaff) 

48 

Respiratory exchange: 

Polyneuritis (Anbeeson 
and Kulp) 

74 

Poultry during vitamine 
starvation (Andeeson 
and Kulp) 

69 

Rice: 

Metabolism, effect on (An- 
BEESON and Kulp) 

80 

Starch, digestibility of 
(Langwoethy and 
Deuel) 

251 


S 


Sapogenin: 

Saponin of Agave lechu- 
guilla Torrey, prepara- 
tion from (Johns, Cheb- 
NOPF, and Viehoevee) 
344 


Saponin: 

Agave lechuguilla Torrey, 

’ isolation from (Johns, 
Cheknoff, and Vie- 
hoevek) 

335 

— — — toxicity of 
( J ohns , Chernoff, 
and Viehoever) 

342 

Selenium oxychloride: 

Cholesterol solution, be- 
havior of (Kahlenberg) 

220 


Senna: 

Hydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 


Serum: 

Chicken, inorganic phos- 
phorus content (Hart, 
HaLPIN, andSTEENBOCE) 

384 

Globulins, determination 
of (Henley) 

367 

Magnesium, determina- 
tion of (Denis) 

411 


Silicon: 


Metabolism in milch cows 
. (Forbes, Schulz, Hunt, 
Winter, and Remler) 
281 


Sodium: 

Metabolism in milch cows 
(Forbes, Schulz, Hunt, 
Winter, and Remler) 
281 


Sodium bicarbonate : 

Emulsifying agents, effect 
on (Clark and Mann) 
167 

Sodium citrate: 

Phosphate determination 
in plasma, effect on 
(Denis and von Mey- 
senbug) 2' 

Sodium hydroxide: I 

Apparatus for preparation | 
from sodium , (Bloor, | 
Pelican, and Allien) * 

; 203 i 

Arachin, action on (Jones' 
and Waterman)' j 
' 362 ’ 

Emulsifying agents, actior^ 
on ((5 lark and' Mann| 

: ' 15f 

Sodium iodide : 

Emulsifying agents, ac- 
tion on (Clark and 
Mann) 

157 


456 
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Sodium sulfate: 

Emulsifying agents, effect 
on (Clakic and Mann) 
157 

Proteins of colostrum, frac- 
tionation of (Howe) 

53 


Starch: 

Emulsifying agent, action 
as (Claric and Mann) 
171 

Raw, digestibility of 
(Langwoethy and 
Deuel) 

251 

Succinamide : 

Yeast, source of nitrogen 
for (Swoboda) 

97 

Succinimide ; 

Yeast, source of nitro- 
gen for (Swoboda) 

97 


Sucrose: 

Emulsifying agent, action 
as (Clark and Mann) 
163 


Sugar: 

Invert, emulsifying agent, 
action as (Clark and 
Mann) 

167 


(See also Blood sugar. 
Stilfuji 

‘•'■'nydrogen ion concentra- 
tion of feces, effect on 
(Robinson) 


456 

Metabolism in milch cows 
(PoRBEs, Schulz, Hunt, 
Winter, and Remler) 


281 


Tissue content during en- 
dogenous catabolism 
(Mitchell, Nevbns, 
and Kendall) 

427 


Sulfuryl chloride: 

Cholesterol solution, be- 
havior of (KAHLENBERfi) 

219 

Surface tension: 

Emulsifying agents 

(Clark and Mann) 

157 


T 


Taro: 

Starch, raw, digestibility 
of (Langworthy and 
Deuel) 

251 


Tissue : 

Primary, protease 
(Bradley) 


of 

467 


Titanium tetrachloride : 

Cholesterol solution, be- 
havior of (Kahlenbbrg) 
220 


Tree-fem: 

Starch, raw, digestibility 
of (Langwoethy and 
Deuel) 

251 

Trichloroacetic acid: 

Protein precipitant in uric 
acid analysis, value for 
(Pucher) 

326 


Trypsin: 

Definition (BffiiULEr) 

468 

Determination (Kai) 

133 

Gland tissues, effect on 
(Bradley) 

470 

Tryptophane: 

Yeast, source of mtrc«en 
for (Swoboda) 

101 



Subjects 


589 


Tyrosine : 

Autolysis of liver, forma- 
tion during (BiiAnnEY) 
472 

Yeast, source of nitrogen 
for (Swoboda) 

101 


u 


Urea: 

Blood content, effect of 
ether on (Atkinson and 
Ets) 

7 

Tissue content during en- 
dogenous catabolism 
(Mitchell, Nevens, 
and Kendall) 

426 


Analysis, variables in 

(Ptjchee) 

317 

Blood, determination in 
(Pucheb) 

318, 329 

Phosphate standard solu- 
tion, preparation of 
(Benedict and Franke) 
388 


Quantitative precipitation, 
conditions for (Pucher) 
321 

Recovery, in Folin 
and Wu^s procedure 
(Pucher) 324 

Studies (Pucher) 

317, 329 

Urine, direct determina- 
tion in (Benedict and 
Franke) 

387 


Urine: 

Lactic acid, determination 
of (Clausen) 


273 


Urine — continued: 

Magnesium content 

(Briggs) 


determination 

(Briggs) 


354 

of 

349 


Uric acid, direct deter- 
mination (Benedict and 
Franke) 


387 


V 


Vegetables: 

Calcium, utilization of, 
by man (Blatherwick 
and Long) 

125 

Phosphorus, utilization of, 
by man (Blatherwick 
and Long) 

125 

Vigna sinensis: 

See Cow-pea. 

Viscosity; 

Emulsifying agents 

(Clark and Mann) 

157 


Vitamine: 

Antiscorbutic, solubility of 
(Hart, Steenbock, and 
Lepkovsky) 

241 

Starvation and metabo- 
lism of poultry (Ander- 
son and Kulf) 

71 

— , rice consumption dur- 
ing (Anderson and 
Kulf) 

73 


Y 


Yeast: 

Amino-acids as source of 
nitrogen for (Swoboda) 
101 
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Ymst~conMnue.d: 

Asparagine as source of 
nitrogen (Swoboda) 

97 


Edestin, hydrolyzed, as 
sources of nitrog(^n 
(Swoboda) 

98 


Yeast — contmiied: 

Nitrogen nutrition 
(Swoboda) 


Z 

Zamia fioridana: 
See Arrowroot. 


of 

91 
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